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EFFECTS OF SALINE STRESS ON GROWTH
AND CROP YIELD OF DIFFERENT MAIZE (ZEA MAYS) GENOTYPES

Effects of saline stress (NaCl) on yield and vegetative characteristics of eight maize cultivars were stud-
ied. The cultivars K3615/1, S.C704, B73, S.C302, Waxy, K3546/6, K3653/2, and Zaqatala were cultivated in two
plots of the Astara region: one was with normal soil and the other — with salty one. Salinization reduced the
plant height, ear length, ear diameter, number of plant leaves, stem diameter, number of rows in an ear, num-
ber of grains in a row, and dry plant mass in all cultivars. Maximal ear length was observed in Zaqatala, B73,
and S.C704, and the least one was detected in K3653/2. Salinization decreased crop yield of all the cultivars.
Certain correlations between studied parameters were found.
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baxincexuil 0eporcasruti yuisepcumem, bBaxy, Azepbatioscan
Icnamcokuii ynieepcumem Azao, ¢inian Acmapu, Acmapa, Ipan

BILTMB COJIbOBOI'O CTPECY HA POCT I BPOXKAWHICTD
KYKYPY3U (ZEA MAYS) PI3BHUX TEHOTHUIIIB

Jociinzxeno BILIMB c0/1b0BOr0 crpecy (NaCl) Ha BposkaifHiCTD i BereTaTHBHI IIOKA3HUKH 8 COPTIB Ky-
kypym3u. Copru K3615/1, S.C704, B73, S.C302, Waxy, K3546/6, K3653/2 Ta Zaqatala BupouryBajiu Ha ABOX
JiITHKaX paiioHy Actapa i3 HOpMAJILHUM i 32C0JIEeHUM IPYHTOM. 3aCOJICHHSI 3MEHILY€ NIOKA3HUKH POCTy Poc-
JIMH, JIOBKUHY Ta JiaMeTp NOYATKY, KUJIbKICTb JIMCTKIiB, AiaMerp cre0ia, KiIbKiCTh psAAiB y NOYATKY,
KIIbKICTb 3epHMH y PS/IY Ta CyXy Macy poc/H ycix coptiB. Haii0lib1ua qoBkMHA OYATKy crocrepirajiach y
coptiB Zaqatala, B73 ta S.C704, a naiimenma — y K3653/2. 3acosieHns 3MeHIIIye Bpo:KaiiHicThb ycix copriB.
BuzHaueHO Kopesililo Mizk BUBUEHHMH IOKA3HUKAMH.
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Bakunckuii 2ocyoapemesennviil yrusepcumem, baxy, Azepoatioxcan
Hcnameruii yrueepcumem Azao, umuan Acmapei, Acmapa, Upan

BJIVSTHUE COJIEBOI'O CTPECCA HA POCT U YPOXKAHHOCTD
KYKYPY3bI (ZEA MAYS) PA3JIMYHBIX TEHOTHUIIOB

HccnenoBano BamsiHue coseBoro crpecca (NaCl) Ha ypo:KaliHOCTH M BereTATHBHBbIC IOKa3aTeJH
8 coproB kykypy3bl. Copta K3615/1, S.C704, B73, S.C302, Waxy, K3546/6, K3653/2 u Zaqatala BpipamuBaiu
HA JIBYX YYaCTKaXx paiioHa AcTrapa ¢ HOpMAJILHOI U 32C0JIeHHOH MO4BOii. 3aco/ieHHe YMeHbIIAET MoKA3ATeTH
pocTa pacTeHHii, JJIMHbI U JUaMeTPa M0YaTKa, KOJINYecTBa JIHCThEB, IHaMeTpa cTe.Isl, KOJIM4ecTBa PsI0B B
N0YaTKe, KOJMYECTBA 3ePeH B Py M CyXoil Macchl pacTeHuii y Beex copros. HauGonbmas pymHa noyarka
Ha0mofaack y coproB Zaqatala, B73 u S.C704, a naumenbinas — y K3653/2. 3acosieHne yMeHb1IaeT ypoakaii-
HOCTBb Bcex copToB. OnpesesieHa KOPpeJslus M1y U3y4eHHbIMH I0KA3aTeJISMHU.
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Introduction

Saltiness is one of the restrictive environmental factors for producing agricultural crops
that highly causes decrease in agricultural products. From among the whole lands of the world
about 100 million hectares (5 %) have high salinity of soil that influences the plant producing
and growth [5; 6]. Producing the agricultural crops in dry and semi-dry regions of the world is
quite low. This is due to the accumulation of salt in the soil [1; 11]. Saltiness causes the adverse
effects on plant growth that can be provoked by the high osmotic pressure of soil solution (os-
motic stress), and especially ionic effects (salt stress), nutritional imbalance or combination of
these two factors [2; 10]. All the above mentioned factors cause particular negative effect on
plant growth and development of biochemical and physiological processes [1; 12].

Materials and Methods

The effects of salinization on growth and yield characteristics of maize were studied in
Iran and Azerbaijan in 2007—2008. Seeds of 8 maize cultivars including K3615/1, S.CDS704,
B73, S.C302, Waxy, K3546/6, K3653/2, and Zaqatala were cultivated on two plots in Astara:
one plot had normal soil but the other one — salty soil. The experiment was carried out as a ran-
domized complete block design made by three replications. During the experiment, characteris-
tics of the plant growth, such as plant height, leaf numbers, leaf relative water content (LRWC),
stem diameter and dry mass of the single plant as well as yield characteristics such as the ear
length, ear diameter, number of rows in the ear, weight of 100 grains and crop yield per hectare,
were measured.

Leaf relative water content (LRWC) was calculated on the basis of Yamasaki & Dillen-
burg method [15]. Two leaves were randomly chosen from middle part of a plant for each repli-
cation. At first, leaves were separated from the stems and their fresh mass (FM) were calculated.
In order to measure the turgid mass (TM), they were placed in the distilled water into closed
containers for 24 hours under 22°C. Being reached the biggest turgid mass the leaves were
weighed. Then leaves were placed inside the electrical oven for 48 hours under the 80°C and the
dry mass of the leaves (DM) were calculated. All the weightings were done with the scales of
0.001 g accuracy. The LRWC was calculated according to the following formula:

LRWC =[(FM — DM )TM — DM )|x100, %

In order to measure the plants’ dry mass, they were cut as a whole. The grains, ear shanks,
stems and leaves were dried at the oven at 60°C for 72 hours and then their dry mass was re-
corded. Statistical analysis was done on the basis of randomized complete block design. The Dun-
can's new multiple range test at the 0.05 significance level was used for statistical analysis.

Results and discussion

Data obtained from the experiment showed significant differences between cultivars re-
garding the most of studied characteristics. As compared to normal conditions, salinization had
caused reduction in characteristics’ values. The greatest LRWC was found in cultivar B73 under
normal conditions and its least amount was found in S.C302 under the saltiness influence. Lev-
ent Tuna et al showed that the salinization stress entails a reduction in the LRWC capacity, plant
height, stem diameter, number and weight of ear in maize [9]. There were significant differences
among the cultivars in the plants’ heights under the normal and salty conditions. For all the cul-
tivars the salinization caused a decrease in the plants’ height. The greatest height was for S.C704
and Zaqatala under normal conditions. In case of both normal and salty conditions, the least
amount of the plants’ height was seen in K3545/6 (table 1).
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Due to the salinization, leaves numbers in all the cultivars were decreased. Under normal
and salty conditions, Waxy had the least leaves numbers among the cultivars and there weren’t
any significant differences among other cultivars under normal conditions. Salty conditions
caused decrease in stem diameter in all the cultivars. The greatest stem diameter was seen in
S.C704 and its least amount in Waxy under the salty conditions. In an experiment done by Hus-
sain there was shown that saltiness reduces the plant height, leaves number, length of cob, grains
number and the total grains number in the ear [8]. As compared to the normal conditions, salti-
ness reduced the ear length in all the cultivars. The greatest ear length was seen in Zaqatala, B73
and S.C704, and the least amount — in K3653/2. Similar results were reported by Blanco et al.
They showed that salinization reduces dry masses of ear, leaves, stems and the whole plants
significantly [4].

Table 1
Vegetative Characteristics of the Maize Cultivars under Normal and Salty Conditions
Condi- Cultivars LRWC. % Plant height, | Leaves number, | Stem diameter,| Earlength, [Ear diameter,
tions > cm unit/plant mm cm mm

1 —Zaqatala | 61.02° 271.0° 14.03° 22.13% 20.58° 47.18°
2-S.C302 57.88° 244.5% 12.70® 22.16™ 15.27% 39.97¢%

_ | 3-K36532 | 63.78" 194.4%F 13.70° 20.25°%cdef 17.53% 41.44%4

g 4-B73 67.15° 241.5% 12.53%¢ 22,0274 19.79* 4477

3 | 5-s.C704 62.57° 279.4° 13.40° 23.04° 19.03% 44,49
6— Waxy 61.89° 205.5%f 10.10% 19.96%0e 15.86%% 41.91%¢
7-K3615.1 | 61.07° 203.5%f 12.60° 21.037%cde 14.24% 46.87°
8—K35456 | 5843° 123.5" 12.17%4 22.69° 16.80% 4326
1—Zaqatala | 6147 197.4°% 12.52% 1747t 17.74% 43.44™
2-S.C302 57.27° 166.0°%" 11.05%¢ 15.45% 10.698 40.27°%

§ |3-K36532 | 61.70° 150.7¢" 10.93> 15.87° 10.64¢ 35.02°

§ |4-B73 61.68" 206.9%% 12.10° 16.76" 14.06* 39.59%%

£ |5-SC704 | 6236 212.0™ 11.97% 17.13% 14.64° 35.58%

& | 6-Waxy 61.60° 161.3% 8.59° 13.00¢ 14.22¢ 39.50%%
7-K3615.1 | 5844° 177.6%% 1053 15.43% 9.862 41.60°4
8—K3545.6 | 63.62° 107.9' 10.87%¢ 19.3 120 12.50° 40,934

*Within each column, the same letter indicates no significant difference between treatments (p < 0.05)

The salty condition is known to cause the decrease in water absorption by plants. For ex-
ample, an experiment done for the purpose of determining the relation between water and to-
mato plant, showed that irrigating the plant with the salty water caused decrease of both the
plant growth and the amount of absorbable water [14]. Ear diameter was also reduced due to the
saltiness. Under normal conditions, the least amount of ear diameter was found in S.C302 that
significantly differs from the other cultivars. The least amount of the ear diameter was seen in
K3653/2 (table 1).

The greatest ear mass was found in S.C704 that didn’t have any significant difference
with Zaqatala and B37. Together with the investigation of vegetative growth under salty condi-
tions, some yield parameters are also studied. The most important parameters are plant height,
stem diameter, and yield characteristics of the plants [3]. Salinization caused reduction in the
number of rows in an ear and the number of grains in a row (table 2). Weight of 100 grains was
decreased because of the salinization. The greatest weight of 100 grains was recorded in
Zagqatala cultivar and its least amount was seen in K3653.2. Dry mass of the plant was also de-
creased and the greatest dry mass was found in S.C704 that didn’t have any significant differ-
ence with B73, K3653.2, S.C704, and K3615.1 cultivars.
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Table 2
Yield Characteristics of the Maize Cultivars under Normal and Salty Conditions

Conditions Cultivars Rows/ear Grains/row 100. srains Dry weight, Grain yield,
weight, g g/plant ton/ha
1 — Zaqatala 15,790 35.90® 24.50° 172.67°% 4.49®
2-S.C302 16.58% 2331 17.85% 170.74>% 3.70%
_ 3-K3653.2 19.00° 29.39° 15.70% 28429 34354
£ |4-BB 15.15%% 37.07* 17.95 405.99* 3.58%
S |5-5C704 15.30° 38.93 15.07% 250.85% 587"
6 — Waxy 14.10% 29.36° 16.43% 175.79%% 3.07%%
7-K3615.1 15860 23.70%% 16.10% 207.79%4 477
8 —K3545.6 17.80° 30.08™ 18.93° 185.63>% 434
1 — Zaqatala 16.19%% 29.95™ 18.43™ 104.87% 2,167
2-S.C302 17.00°¢ 22.02% 14.33% 129.98b% 2.40%%
§ |3-K36532 15.95bcder 19.29% 12.90° 86.21% 1.53"
g |4-BB 14.09% 24.70% 16.33% 94.11% 173
£ |5-s.C704 1339 23.70° 14.50% 17535 2.60°%
3 6 — Waxy 12.95" 25.70% 15.13% 75.05° 1.84%f
7-K3615.1 14.58°%" 17.21° 15.75% 117.99% 1.24°
8 —K3545.6 17.33%* 21.61% 13.70™ 74.12° 131°

*Within each column, the same letter indicates no significant difference between treatments (p < 0.05)

Hussain et al showed that increase in saltiness level had caused decrease in maize height,
stem diameter, leaves numbers, leaf areas and dry mass of the plant [7]. As compared to the
normal environment, under salty conditions yield of cultivar grains was decreased. S.C704 bears
the greatest grain yield and under salty conditions and K3615.1 had the least grain yield (table 2).

Correlations between the characteristics under both normal and salty conditions are pre-
sented in tables 3 and 4. Under normal conditions there was a significant and positive correla-
tion between the plant height and ear length, and the number of grains in a row. A positive and
significant correlation was seen among the stem diameter and ear diameter, and the number
of grains in a row.

Table 3
Simple Correlation between Crop Yield and Some Growth Characteristics
under Normal Conditions

. 5—1 <= 5-1 = 2 2] - = =
=2 3E|%5| 5 |"5| & | £ |s¢| & |§°
coA c A S | = 8 | O
LRWC —0.011 | 0.155 | —0.004 | -0.096 | -0.169 | -0.085 | 0.015 | —0.080 | -0.163 | —0.115
Plant height 1 0.359 | 0.355 | 0.503* | 0.396 | —0.347 | 0.50* | 0.224 | 0.101 | 0.290
Leaf number — 1 0.074 | 0.328 | 0.166 | 0.293 | 0.184 | 0.226 | —0.023 | 0311
Stem diameter - — 1 0.245 | 0.458* | 0.146 | 0.427* | 0.169 | 0.228 | 0.396
Ear length — - — 1 0.442* | —0.690 | 0.887** | 0.398 | 0.413* | 0.275
Ear diameter - - - - 1 —0.039 | 0.520** | 0.391 | 0.320 | 0.624**
No. of rows/ear — — — — — 1 —0.206 | 0.004 | 0.059 | —0.047
No. of grains/row — — - - — — 1 0.265 | 0.370 | 0.438*
100-grains weight — — — — — — — 1 —0.121 | 0.176
Dry weight — - — — - — - - 1 0.283
Grain yield ton/ha — - - - - — — - - 1

* Significant difference at the 0.05 significance level; ** significant difference at the 0.01 significance level.
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Simple Correlation between Crop Yield and Some Growth Characteristics

Table 4

under Salty Conditions
o I — = 3 2] - = =
=2 | 3E| 25| 5 |"&| 2| ¢ |%| 2|8
a ~ S | = 8|S
LRWC -0.154 | 0.053 [0.539**| 0404 | 0.121 | 0.006 | 0.232 | -0.089 | 0.127 | 0.266
Plant height 1 0.359 | —0.058 | 0.445* | -0.018 | -0.269 | 0.348 | 0.192 | 0.377 | 0.202
Leaf number - 1 0312 | 0312 | 0214 | 0318 | 0.173 | 0.087 | 0.151 | 0.179
Stem diameter - - 1 0310 | 0.077 | 0345 | 0216 | 0.096 | 0.155 | —-0.038
Ear length — — — 1 0.335 | -0.067 | 0.889** | 0.167 | 0.121 | 0.404*
Ear diameter — — — — 1 0.440* | 0439* | 0.396 | -0.121 | 0.232
No. of rows/ear - — - — — 1 0.102 | -0.085 | 0.002 | 0.130
No. of grains/row — — — — — — 1 0.189 | 0.008 | 0.465*
100-grainWeight - - - - - - - 1 0.154 | 0.199
Dry weight — — — — — — — — 1 0.383
Grain yield ton/ha - - - — - — — — - 1

* Significant difference at the 0.05 significance level; ** significant difference at the 0.01 significance level.

There was a significant and positive correlation among the ear length and ear diameter, the
number of grains in a row and dry mass of the plant. A positive correlation was recorded among
the ear diameter and the number of grains in a row and grain yield. A positive and significant cor-
relation was also obtained among the number of grains in a row with the grain yield. Under salty
conditions there was also a significant and positive correlation between the plant height and ear
length. A significant difference was found between the number of grains in a row with grain yield
and ear diameter with the number of rows in an ear and the number of grains in a row.
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