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Abstract

Salinity is a major limiting factor for crop prodimn in coastal areas of Bangladesh. Organic amengnmauld contribute to the
improvement of crop production in coastal areas. BAfgbrid Maize-5 and Hybrid Maize Pacific-987 wereogn in pots to
mitigate the adverse effects of salt stress in enaizorganic amendments. Farmyard manure (FYM)pandtry manure (PM) were
mixed with soils before seed sowing. Salinity stré85 mM and 50 mM) was induced at vegetative st8gdt stress caused a
significant reduction in growth and yield of bothetmaize cultivars. Higher NaCl (50 mM) stress cdusedrastic decrease in
growth and yield of both maize cultivars. Salingtgo decreased reproductive growth, chlorophylteatnand K/Na* ratio in both
maize cultivars. Organic amendments with FYM andiRidroved salt tolerances of maize that were aasetiwith increased yield
components, chlorophyll content and/Ka" ratio. Hybrid Maize Pacific-987 grown in low satinwith FYM or PM amendments
produced higher yield than control condition. Oa tontrary, BARI Hybrid Maize-5 conferred toleranoénhtgh salinity, when soils
were amended with FYM or PM. Furthermore, orgamieadments improved electrical conductivity, exclesaide Na and organic
matter status under salinity condition. The prestaty suggests that organic amendments with FYN?Mrconfer tolerance to
salinity in maize by increasing chlorophyll contemd K/Na' ratio.
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Introduction

Soil salinity is a major concern in agriculture alter the
world because it affects almost all plant functiddsre than
6% of the world’s land and more precisely, onedthdf the
world's irrigated land are significantly affected/ Isoil
salinity (Flowers and Yeo, 1995; FAO, 2008). Moreg\soll
salinization due to irrigation is becoming increasingly
detrimental to agriculture.

Agriculture is one of the most important sectors of
Bangladesh’s economy. Physiological stress in pldagsto
salinity is the major factor reducing crop yields ¢oastal
areas of Bangladesh. Usually 30-50% vyield lossesirocc
depending on the level of soil salinity. Out of illion ha

of coastal and offshore lands, about 1.06 millicm dre
affected by varying degrees of salinity (SRDI, 2010he
area under salinity is increasing with time (fron83® to
1.056 million ha in 36 years, SRDI, 2010) due te iis sea
water level with increased global temperature.dased soil
salinity due to climate change would significantlgduce
food grain production.

Salinity imposes both ionitoxicity and osmotic stress to
plants (Hasegawet al.,2000; Zhu, 2003). Salt stress disturbs
cytoplasmic K/Na* homeostasis, causing an increase it Na
to K*ratio in the cytosol (Zhu, 2003). Accumulation of

excess Naand Ci causes ionic imbalances that may impair
the selectivity of root membranes and inducedgficiency
(Gadallah, 1999) that are often associated wite@aease in
photosynthetic electron transport activities in folsgnthesis
(Kirst, 1989). There is a report that the deficieraf K*
initially leads to chlorosis and then causes nesr{Gopal
and Dube, 2003).

Soil salinization is a major process of land degtiaah that
decreases soil fertility and crop productivity. Has been
reported that coastal regions of Bangladesh are tputer in
soil fertility (Haque, 2006). Appropriate managemen
strategies and techniques with suitable genotypmsng
higher yield potential could contribute to the impement of
crop production in the coastal areas of Banglad€kh.best
means of maintaining soil fertility, productivitynd salt
tolerance could be through addition of organic mmasu
Various organic amendments such as farmyard manure
(FYM), compost, poultry manure (PM) and mulch can b
used for the amelioration of saline soils. Organic
amendments improve physical, chemical and bioldgica
properties of soils under saline conditions. Thene
evidences that soil amendments with organic mamechsce
the toxic effects of salinity in various plant sjgsc(ldreeset

al., 2004; Abou EI-Magcet al., 2008; Leithyet al., 2010;
Raafat and Thawrat, 2011).
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Rice is mainly grown in the salinity affected areaf
Bangladesh, but the average vyield is very low duladk of
salt-tolerant high vyielding variety and inappropegia
management practices. However, about 20% peoples of
Bangladesh are seriously affected by soil and wsdénity

in the coastal belt. Maize in Bangladesh is becgnam
important crop in the rice based cropping systemoAg the
cereals grown in Bangladesh, maize is the third most
important crop after rice and wheat. Maize can rioate
significantly towards solving food problem and tigy play

its gainful role in the agro-economy of the countig
Bangladesh, maize can be grown in different agrmoatic
zones round the year. With the increase in demaowh f
poultry and other feed industries, more area issetqul to
divert from rice to hybrid maize in coming yearsefe is a
great possibility to bring saline areas under maizévation

with proper reclamation and management.

There is no systematic information in Bangladeshuglttme
role of organic amendments in the mitigation of salinity
in crop plants. Considering abovementioned factge t
present study was undertaken for the improvemesalafity
tolerance and economic crop production through ricga
amendments in the coastal areas of Bangladesh.

Materials and Methods

Soil collection and pot preparation

Two pot experiments were carried out at the nesbaf the
Department of Soil Science, Bangladesh Agricultural
University (BAU), Mymensingh. Soil was collected finche
Soil Science Field Laboratory, BAU. A total of 88ued|size
plastic pots were filed with 8 kg soils each.
Characteristically, the soil was silt loam having §H5, EC
0.17 dS/m, exchangeable Na 0.35 meq/100 g soisl tot
nitrogen 0.11% and organic matter 1.90%.

Plant materials and treatments

BARI Hybrid Maize 5 and Hybrid Maize Pacific 987 were
used as test crops. Eleven treatment combinatiansontrol

(no salt added), 25 mM NacCl, 50 mM NaCl, 25 mM NacCl +
5 t/ha FYM, 25 mM NaCl + 10 t/ha FYM, 50 mM NaCl + 5
t/ha FYM, 50 mM NaCl + 10 t/ha FYM, 25 mM NaCl + 4
t/ha PM, 25 mM NaCl + 8 t/ha PM, 50 mM NacCl + 4 t/ha
PM, 50 mM NaCl + 8 t/ha PM were used for the two zeai
varieties. Three maize seeds were sown into eathQpee
plant was kept in each pot and others were uproaft
emergence. FYM and PM were mixed with soils as per
treatment before seed sowing. FYM contained 0.45% N
0.30% P, 1.13% K and 0.102% S, and PM contained?6.8
N, 0.93% P, 1.28% K and 0.21% S. Plants were exptse
different concentrations of NaCl (0-50 mM) at vedete
stage. The experiment was laid out in a completely
randomized design with four replications.

Management practices, crop harvesting and data neftog

Fertilization and other management practices wertopmed
as and when required. The crops were harvestediliat f
maturity. Root growth, yield attributes, and gramdastraw
yields were recorded.

Determination of chlorophyll content

Chlorophyll content was measured using the method
described by Porrat al. (1989). An aliquot amount of green
leaf of maize was suspended in 10 mL of 80% acetone
mixed well and kept at room temperature in the dark7
days. The supernatant was collected after cengifoly at
5000 rpm and the absorbance was recorded at 64B5&3d
nm in a spectrophotometer.

Chemical analysis of plant and soil samples

Soil pH, EC, exchangeable Na and organic carboneobnt
were measured using standard methods. Grain aad str
samples were analyzed for N, P, K, S and Na contging
the methods described by Khanatral. (2001).

Statistical analysis

Data were statistically analyzed by ANOVA. The gfigant
differences between mean values were compared by
Duncan’s Multiple Range Test (DMRT). Differencespat

0.05 were considered significant.

Results and Discussion
Root and plant growth

Salt stress caused a significant reduction in lemgth, root
weight, plant height and plant weight of both BARI iy
Maize-5 and Hybrid Maize Pacific-98Fif. 1A, B, C, D.
Higher salt stress caused drastic reductions cktigeowths.
Organic amendments with FYM and PM significantly
increased the root length, root weight, plant heaid plant
weight of both maize varieties at 25 mM NaCl strédigh
doses of FYM or PM showed better performances towgr
doses in producing vegetative growth at 25 mM Nafelss.
Addition of organic manures increased vegetativemn of
BARI Hybrid Maize-5 at 50 mM NaCl stress but these
increases were not apparent in Hybrid Maize Pa®#it.
However, FYM performed better in producing planbwgth
than PM at different salt stresses. Leithtyal. (2010) on
Peanut, Abou EI-Magct al. (2008) on sweet funnel and
Raafat and Tharwat (2011) on rice also found thgamic
amendments increased the vegetative growth of pdant
different levels of soil salinity.

Reproductive growth

Significant reduction in cob length, cob diametarmber of
grains columr, total number of grains cdb 100-grain
weight and total grain weight of both BARI Hybrid Mai5
and Hybrid Maize Pacific-987 was observed understedss
(Table 1 and 2). Neither BARI Hybrid Maize-5 nor Higb
Maize Pacific-987 could produce grains when plamese
treated with 50 mM NaCl stress. Organic amendmeiitts w
FYM or PM increased the recorded parameters of buth
maize varieties when exposed to 25 mM NaCl stresS0A
mM NacCl stress, FYM and PM contributed to the rerabt&
production of cob of BARI Hybrid Maize-5Téble ) but no
cob was produced in Hybrid Maize Pacific-987 plafitsble
2). Abou El-Magdet al. (2008) on sweet funnel, Raafat and
Tharwat (2011) and Idreext al. (2004) on sugarcane also
showed that organic amendments increased the negtroel
growth under different salt stress conditions.
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Chlorophyll contents

Salt stress inhibits photosynthetic capacity, legdio a
decrease in crop production (Pitman and Lauchl@420A
significant decrease in chlorophyll (chl) conterft lwoth
maize varieties was observed in response to safiss{Table
3). Salinity causes a reduction in chl content doe
suppression of specific enzymes that are respan§iblthe
synthesis of photosynthetic pigments. Neither FYéd RM
increased chl content in BARI Hybrid Maize 5 treateith

25 mM NacCl stress although both manures signifigantl
increased chl contents at 50 mM NaCl stress comdit@n
the other hand, both manures FYM and PM resulted in
significant increases in chl content in Hybrid MaiRacific
987 (Table 3J. Niazi et al. (2002) reported that improvement
of plant growth in saline soils was associated wittreased
chl contents.

K*/Na* ratio

Intracellular K/Na" homeostasis is crucial for cell
metabolism and is considered to be a key componént
salinity tolerance in plants (Hasegaeiaal., 2000). Organic
compounds might have beneficial effects to plantghieir
adaptation to salinity by maintaining*#la"® homeostasis.
Salinity significantly reduced ¥Na'* ratio in both varieties
(Table 4). Both FYM and PM improved*®a’ ratio in both
maize varieties induced by NacCl stress. No diffeesneere
observed in K/Na" ratio between FYM and PM
amendments. As no grains were formed in plants ati b
varieties exposed to 50 mM NaCl stress, K and Naetds
could not be detected. However, organic manures baen
shown to increase fNa* ratio in sweet fennel (Abou El-
Magdet al.,2008).

Fig. 1: Effects of organic manures on root and plant ghoeftmaize under salt stress. Values represenmntan of

four replications.

Treatments: TE control, T2= 25 mM NaCl, T3= 50 mM NaCl, T4 25 mM NaCl + FYM (5 t/ha), T5 25 mM NaCl + FYM (10
t/ha), T6= 50 mM NaCl + FYM (5 t/ha), T7 = 50 mM NaCl + FYM(QY¥/ha), T8 25 mM NaCl + PM (4 t/ha), T8 25 mM NaCl
+ PM (8 t/ha). T1(= 50 mM NaCl + PM (4 t/ha). T:= 50 mM NaCl + PM (8 t/he
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Table 1: Effects of organic manures on yield atiiéis and grain yield of BARI Hybrid Maize-5 undert sditess

Treatments Cob length Cob diameter No. of grains  No. of grains  100-grain  Grain yield
(cm) (cm) column? cob? weight (g)  plant! (g)

Control 18.0a 13.3b 27a 327a 26.9ab 85.7a

25 mM NaCl 14.7c 12.4bc 21c 263c 21.7d 54.1e

50 mM NaCl ND ND ND ND ND ND

25 mM NaCl + FYM (5 t/ha) 14.4c 12.9bc 19cd 284b 2P5. 63.3cd

25 mM NaCl + FYM (10 t/ha) 16.5ab 13.6b 24b 323a 523. 65.1c

50 mM NaCl + FYM (5 t/ha) 9.0f 8.0d 12f 138e 13.5fg 11.5i

50 mM NaCl + FYM (10 t/ha) 10.3e 11.7c 16e 205d &b6.1 13.9h

25 mM NaCl + PM (4 t/ha) 15.7b 16.7a 20c 264c 25.0b 66.5c

25 mM NaCl + PM (8 t/ha) 15.4bc 13.3b 15e 264c 27.3a 735b

50 mM NaCl + PM (4 t/ha) 12.3d 10.8cd 18d 273bc 4.0  19.5f

50 mM NaCl + PM (8 t/ha) 10.3e 10.5cd 14ef 280b 6.30 10.0g

SE (1) 0.47 0.38 0.73 8.14 1.05 4.26

CV (%) 3.46 3.12 3.91 3.11 5.31 9.19

Values represent the mean of four replicationsdme cases, 100-grain weight was obtained fronmihiéplication of 50 grains with 2. ND (not
detected) indicates no plants survived during tite decording. Same letter in a column represestgrificant difference gt < 0.05.

Table 2: Effects of organic manures on yield atiiéis and grain yield of Hybrid Maize Pacific-98en salt stress

Treatments Cob length Cob diameter No. of grains No. of grains 100-grain  Grain yield
(cm) (cm) column? cob? weight (g)  plant! (g)
Control 20.3b 12.9ab 24a 283c 27.3b 59.0d
25 mM NaCl 20.2b 12.4b 22b 237d 27.4b 52.1f
50 mM NaCl ND ND ND ND ND ND
25 mM NaCl + FYM (5 t/ha) 21.0a 12.3b 25a 274cd a8.5 56.1de
25 mM NaCl + FYM (10 t/ha) 20.5ab 13.8a 24a 294bc 128 71.4c
50 mM NaCl + FYM (5 t/ha) ND ND ND ND ND ND
50 mM NaCl + FYM (10 t/ha) ND ND ND ND ND ND
25 mM NaCl + PM (4 t/ha) 19.0bc 13.8a 25a 341a 25.8c  79.6a
25 mM NaCl + PM (8 t/ha) 18.3c 13.9a 24a 332a 25.0c 74.1b
50 mM NaCl + PM (4 t/ha) ND ND ND ND ND ND
50 mM NacCl + PM (8 t/ha) ND ND ND ND ND ND
SE (%) 0.31 0.25 0.41 5.71 0.25 1.60
CV (%) 1.56 1.90 1.72 1.94 0.92 2.45

Values represent the mean of four replications. (N& detected) indicates no plants survived dutivgdata recording. Same letter in a column
represents insignificant differencepat 0.05.

Nutrient uptake Changes in soil properties by organic manures

Salinity decreases nutrient uptake and transpattig¢cshoot, We investigated the changes in soil properties asipH,
thus inducing a nutrient imbalance in the plantelivet al, EC, exchangeable Na and organic matter status im pos
2009). We also investigated whether manures infladn harvest soils (Table 5). An increase in soil pH, BE&®
NPS uptake by maize under different salt stresdata (not exchangeable Na was observed when NaCl was addkd to
shown). Salinity decreased N accumulation in grdibboth soils. Addition of FYM or PM considerably decrease@
varieties but this uptake increased by straw of BAfgbrid and exchangeable Na, and increased organic mégdtes sn
Maize-5. Overall, salinity decreased P and S uplakstraw soils under salt stress condition. No remarkablenges in
and grain of both varieties. In most cases, aduitibFYM soil pH were observed by the addition of manurethéosoils
and PM increased NPS uptake by maize under sefisstNo treated with NaCl (Table 5). Raafat and Tharwat (20iEle
differences in nutrient uptake were observed beatweéM observed that organic amendments improve soil ptiege
and PM amendments. Similar results on nutrient kepta and nutritional status even under soil salinityefehare also
influenced by manures under salt stress have bleserced increasing evidences that soil amendments with nesnu

by Zakiet al.(2009) and Abou EI-Maget al. (2008). improve physical and chemical properties of soiteler
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saline conditions such as bulk density, EC and exgéable
sodium percentage and increase the availabilityNeK

(Tejadaet al.,2006; Amanullatet al.,2007; Mohameet al,

2007).

K*/Na" ratio, and thereby confer tolerance to salinity.
However, crop cultivation in saline areas mightphefitable
with organic amendment of soils. Extensive fieldearch
work is needed to test the result under actuad faeindition
since organic manures like FYM and PM are easibilable
and cheap and hence could be a nice option for iggow
maize in saline areas.

Conclusion

It can be concluded that soil amendments with FYi BM
improve soil properties, increase chlorophyll conbtnd

Table 3: Chlorophyll (chl) contents in maize infleed by organic manures under salt stress

Treatments BARI Hybrid Maize-5 | Hybrid Maize Pacifi8®
Chl-a Chl-b Total chl Chl-a Chl-b Total chl

(ug mt) (ng mt) (ng mt) (ng mt) (ng mt) (ng mt)
Control 7.17a 4.55a 11.70a 6.49ab 2.99c 9.48cd
25 mM NaCl 6.66bc 3.51cd 10.20cde 5.66¢ 2.01d 7.67e
50 mM NaCl 6.03d 2.36e 8.39f ND ND ND
25 mM NaCl + FYM (5 t/ha) 6.53bcd 4.21abc 10.70bc 8056. 2.26cd 8.06d
25 mM NaCl + FYM (10 t/ha) 7.05ab 4.40ab 11.50ab 788 3.80a 10.70b
50 mM NaCl + FYM (5 t/ha) 5.53e 3.83abc 9.36e ND ND ND
50 mM NaCl + FYM (10 t/ha) 6.13cd 3.54cd 9.67ef ND DN ND
25 mM NaCl + PM (4 t/ha) 6.91ab 3.77bcd 10.70bc 865 3.20b 9.75¢
25 mM NaCl + PM (8 t/ha) 6.54bcd 4.07abc 10.60bcd 574. 3.89a 11.50a
50 mM NaCl + PM (4 t/ha) 6.50bcd 3.06d 9.56e ND ND DN
50 mM NacCl + PM (8 t/ha) 6.79ab 3.47cd 10.30cde ND DN ND
SE (¥) 0.08 0.11 0.16 0.11 0.12 0.21
CV (%) 1.28 2.96 1.58 1.68 3.87 2.26

Values represent the mean of four replications.(N@ detected) indicates no plants survived dutiregestimation of chl. Same letter in a column

represents insignificant differencepat 0.05.

Table 4: K/Na" ratio in maize influenced by organic manures ursadrstress

Treatment BARI Hybrid Maize-5 Hybrid Maize Pacific-987
K*/Na K*/Na* K*/Na* K*/Na*
(in straw) (in grain) (in straw) (in grain)
Control 2.18a 1.14b 1.82a 1.32a
25 mM NaCl 1.08c 0.85c 1.12e 0.94d
50 mM NaCl 0.46f ND 0.58g ND
25 mM NaCl + FYM (5 tha) 1.16b 1.13b 1.22d 1.17b
25 mM NaCl + FYM (10 t/ha) 1.16b 1.10b 1.23d 1.20b
50 mM NaCl + FYM (5 t/ha) 0.53e 0.80c 0.61f ND
50 mM NaCl + FYM (10 t/ha) 0.55e 0.75¢ 0.68f ND
25 mM NaCl + PM (4 t/ha) 1.11bc 1.14b 1.50b 1.11c
25 mM NaCl + PM (8 t/ha) 1.18b 1.30a 1.30c 1.13bc
50 mM NaCl + PM (4 t/ha) 0.78d 0.75¢c 0.61f ND
50 mM NaCl + PM (8 t/ha) 0.72d 0.78¢ 0.66f ND
SE (1) 0.07 0.03 0.06 0.02
CV (%) 7.11 3.24 6.04 1.66

Values represent the mean of four replications.ifdicates data not detected. Same letter in a col@presents insignificant differencepat 0.05.
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Table 5: Changes in soil properties by organic mesunder salt stress

Treatment Soil properties
Soil pH EC (dS ) Exchangeable Na  Organic matter (%)
(soil:water = 1:5) (me/100g)

Control 6.10 0.150 0.33 1.90
25 mM NaCl 6.48 0.592 0.59 1.87
50 mM NaCl 6.55 1.971 1.23 1.87
25 mM NaCl + FYM (5 t/ha) 6.48 0.391 0.43 2.08
25 mM NaCl + FYM (10 t/ha) 6.46 0.394 0.34 2.14
50 mM NaCl + FYM (5 t/ha) 6.21 1.215 0.83 2.03
50 mM NaCl + FYM (10 t/ha) 6.32 1.405 0.94 2.24
25 mM NaCl + PM (4 t/ha) 6.27 0.528 0.44 2.24
25 mM NaCl + PM (8 t/ha) 6.32 0.529 0.46 2.32
50 mM NaCl + PM (4 t/ha) 6.31 1.169 0.87 2.24
50 mM NaCl + PM (8 t/ha) 6.39 1.294 1.01 241

Values represent the mean from four replicatiorsta®f soil properties were not analyzed statilijica
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