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ABSTRACT

Experiments were conducted to evaluate the potentiality and effectiveness of gypsum, rice hull and saw dust to reclaim and/or
improve saline soils collected from coastal areas of Bangladesh. Growth and yield parameters of rice, such as, plant height, 1000-
grain weight, grain and straw yield, number of tillers, protein content of grain and harvest index were found to be significantly (p <
0.05) induced by the application of gypsum, rice hull and saw dust. The maximum growth and yield performance of rice were
determined by the highest dose (10 t ha') of saw dust followed by the highest dose (10 t ha') of rice hull. The highest dose of
gypsum (400 kg ha™") was found to be increased the vegetative growth (plant height, tiller production) of rice. The highest value
(0.48) of Harvest Index was obtained by the application of rice hull at 10 t ha™". The highest content of N in rice plants at maturity
were found 1.38% with the application of saw dust at the rate of 10 t ha, 0.19% for P, 1.41% for K and 0.75% for S with gypsum
application at the rate of 400 kg ha'. Application of gypsum, rice hull and saw dust at highest dosages increased the uptake of N, P,
K and S in rice plant.
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1. INTRODUCTION sulfuric acid has received the most attention because they are

widely used as reclamation amendments. Most recently, crops

Bangladesh is a land of agriculture. Once it had enormous or crops residues and synthetic polymers have been included in

potential for achieving food security, but the saying is now a efficiency studies [10-13]. Gypsum is mainly blamed for its

bygone truth. In Bangladesh coastal areas constitute about 2.5 slow reaction but much popular due to its low cost and

million hectares which amount to about 25 percent of the total availability. The significance of organic matter has been proven

cropland of the country. Of this, nearly 0.84 million hectares through its effect on improving the physical conditions of soils

are affected by varying intensities of salinity, resulting in very for crop growth besides its role as fertilizers. Keeping all these

poor land utilization [1]. Salinity is one among the major views in consideration, the experiment was undertaken with
abiotic stresses limiting profitable crop production worldwide
[2-3]. Over 800 million hectares (Mha) land is salt affected
cither by containing excessive soluble salts (397 Mha) or
exchangeable sodium (434 Mha) worldwide [4-5]. Elevated (b)

. . P . +
osmotic stress, ions toxicity (due to over accumulation of Na

the following objectives:

(a) Reclamation of saline soils by using different doses of
gypsum, rice hull and saw dust.

To evaluate the effects of gypsum, rice hull and saw dust
on the growth, yield and mineral nutrition of rice grown
in particular), imbalance nutrition and salinity-induced in saline soil.
oxidative damage are the principal causes to hamper plants

growth under salinity [6-7]. However, salt resistant genotypes 2. MATERIAL AND METHODS

regulate the ion and water movements and also uphold better . . .
The study was conducted using a salt-tolerant rice variety,

BR-47 in the net house of the University of Dhaka during April
to July, 2011. The soil used in the experiment was collected

antioxidant defense system [8]. In field conditions saline soil
can be recognized by the spotty growth of crops and often by

the presence of white salt crust on the surface. Salinity from Amtoli thana in Barguna district which was located

between 20.1508° N latitude and 90.1264° E longitude. The
soil was silty clay loam affected by various degrees of salinity,
ECe 3.36 dsm'[14], pH 5.35 [15], Turbidity 940 mg kg [16],
Organic Carbon 1.53% [17] , total N 0.082%, available
ammonium N 14.55 mg kg'l, available nitrate N 33.95 mg kg'l

problem received very little attention in the past, but due to
increased demand for growing more food to feed the booming
population of the country it has become imperative to explore
the potentials of these lands [1]. Studies in the past have
compared the effectiveness of various amendments at
improving the physical and chemical properties of saline sodic

e i i [15], water soluble phosphorus in not detectable range [18],
and sodic soils [9-10]. The relative effectiveness of gypsum and
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available K 23 mg kg1 [19], available sulfur 435 mg kg'l,
available Cl 17980 mg kg [20], available Fe 78.5 mg kg'';
available Mn 23.25 mg kg'l; available Zn 4.27 mg kg1 [21],
carbonate 0.1 C mol kg [20] , water soluble ions viz. Na 75
mg kg'l, K 19 mg kg'l, Ca 30.5 mg kgl, Mg 28 mg kg1 [17],
exchangeable cations viz. Ca 346 mg kg'l, Mg 300 mg kg'l, Na
851 mg kg, K 201 mg kg [17], SAR 8.01 and ESP 24.65%
[20]. Six kilograms of air dried, ground and 5 mm sieved
composite soil was filled in each earthen pots (size: 8L). Four
seedlings/hill and three hills in each pot in a triangular grid
were transplanted. The experiments were conducted following
3 doses of gypsum, 3 doses of rice hull 3 doses of saw dust in a
non factorial completely randomized block design with two
sampling time and two replications. So in total 1x9x2x2=36
pots were used for the experiments. Treatment combinations
are given in Table-1.

Table 1: Treatment combinations of gypsum, saw
dust and rice hull.

Treatment Gypsum Rice hull  Saw dust
combinations (kg ha) (tha™) (tha™)
GoR,S, (T)) 00 00 00
GooRoSy (T,) 200 00 00
Gu00R0S (T5) 400 00 00
G,R;S, (T, 00 5 00
G,R,S, (T 00 10 00

G, R, S;s (Ty) 00 00 5
GRS, (T;) 00 00 10

Basal dose of N, P,O; and K,O were applied at the rate of
50 kg ha', 40 kgha'1 and 50 kg ha' from Urea, TSP and MP
fertilizers, respectively and were mixed with the soil of each
pot. The whole TSP, MP and half of the Urea were applied
during pot preparation by thorough mixing of the fertilizers
with soil. Then the soil in each pot was puddled by hand using
almost same amount of tap water per pot and then kept
submerged for 3 days. After submergence, fertilizers were
mixed thoroughly with soil and again submerged for 2 days.
Plant height and number of tillers were recorded at 20 DT
(Early Tillering Stage, ETS: 10-25 DT), 40 DT (Maximum
Tillering Stage, MTS: 26-55 DT), and 100 DT (Maturity
Stage, Mat.: 85-110 DT).The plants were harvested at 1 cm
above the soil surface and the plant height, number of tillers,
grain and straw yield, nutrient content of plant, and yield
components viz. grain to straw ratio, 1000 grain weight of
rice, protein content and harvest index were recorded. Total
N, P, S & K contents in rice plant [15] were determined.
Nutrient uptake was determined from total nutrient content
and plant dry matter weight. Statistical analyses such as
Analysis of Variance (ANOVA), Duncan’s Multiple Range Test
(DMRT) and Least Significant Difference (LSD) of the

experimental results were done for interpretation.

3. RESULTS AND DISCUSSIONS
3.1. Growth and yield of rice

Analysis of the relevant data demonstrated that the
individual variables such as gypsum, rice hull and saw dust
exerted significant effects on the growth and yield performance
of rice. Plant height increased significantly with time. Again,
the rate of increase of plant heights was found greater at
tillering stage as compared to that of maturity stage indicating
that the growth was normal. The tallest plant height (116 cm)
was recorded during maturity stage of rice in the G, Ry, S, (Ts)
treatment that is with the application of rice hull at the highest
dosage (Table-2).

Numbers of tillers at different stages of growth of rice as
influenced by gypsum, rice hull and saw dust are shown in
Table-2. Number of tillers increased with time and with the
higher rate of treatments. The highest number of tillers at the
maturity stage was found with the application of rice hull and
saw dust at a rate of 10 t ha that is 30 and 32, respectively.
Number of tillers was found to be decreased a little at the
maturity stages of growth, which is a usual phenomenon
especially for problem soils. The number of tillers per pot was
largest (33) in the T, (G, R,S,y) treatment during maximum
tillering stage. The analysis of the results shows that the
application of gypsum, rice hull and saw dust at the highest
dosages resulted the maximum plant height and number of
tillers per pot due to favorable physico-chemical conditions
created by them. Gypsum can be considered beneficial for this
problem soil in terms of fodder production as good vegetative
growth obtained with gypsum application at highest dosage that
is at the rate of 400 kg ha'. Grain Yield, Straw Yield, Grain-
Straw Ratio, 1000 Grain Weight of Rice and protein content of
rice grain increased significantly (p<0.05) with the treatments,
except for the application of gypsum at a rate of 200 kg/ha (T,:
Gy Ry So). This increment was more striking for saw dust
application where %IOC was 78 for grain yield and % IOC was
48 for 1000 grain weight. But the second highest % IOC (62
for grain yield and 45 for 1000 grain weight) was recorded for
the highest dose of rice hull, which suggests that further trials
are needed for the determination of suitable dosage of rice hull
and saw dust. The trends of influences of the treatments were
almost similar for the other yield parameters of rice (Table-3).

Again Grain-Straw Ratios (G/S) were highest for gypsum
application at the rate of 400 kg ha' and saw dust application at
the rate of 10 t ha'. Addition of gypsum at 400 kg ha'!
increased the protein content of rice most due to addition of
sulfur which is a building block element of protein. 1000 grain
weight of rice was the highest (30.51) for saw dust application
at the rate of 10 t ha-1 because saw dust improved the physical
condition of soil and also reduced the salinity. Again harvest
index was highest for application of rice hull at the rate of 10 t
ha''. They increased yield because they produced some sticky
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like substances to create favorable physico-chemical condition, decomposition. In most cases saw dust was better than rice hull
reduced bulk density, increased water movement to wash out at maximum tillering stage may be due to higher
salinity and released various plant nutrients after their decomposition rate of saw dust compared to that of rice hull.

Table 2: Plant heights and Number of tillers at different stages of growth as influenced by gypsum, saw dust and rice hull

T Plant Height (cm) Tiller/Pot Harvest Index
reatment

combinations ETS MTS Mat. ETS MTS Mat.

GRS, (T) 55 d 67 d 84 ¢ 15 d 20 e 19 e 0.4505 b
G00R0S, (T5) 58 ¢ 69 d 100 d 17 dc 24 d 23 d 0.4503 b
G0RoS, (T3) 61.5b 87 a 110 b 20 ¢ 26 ¢ 26 ¢ 0.4649 ab
G,R; S, (T, 59 ¢ 76 ¢ 104 ¢ 22 b 25 od 25 ¢ 0.4676 a
G, RS, (T;) 67 a 88 a 116 a 28 a 31 b 30 b 0.4878 a
G, R, S; (Ty) 58 ¢ 76 ¢ 98 d 21 b 26 ¢ 25 ¢ 0.4685a
G, RS, (T7) 62 b 82 b 108 be 29 a 33 a 32 a 0.4642 ab
LSD (5%) 3.05 6 6 2.05 2 2 0.037

Table 3: Grain, Straw Yield, Grain- Straw ratio, 1000 Grain Weight and Protein Content of Rice as influenced by gypsum, saw
dust and rice hull

Treatment Grain Straw Grain-Straw % IOC* Protein 1000 Grain % IOC of
combinations Yield Yield Ratio (G/S)  of  grain Content of Weight 1000
(g/pot) (g/pot) yield Rice Grain Grain
GRS, (T) 16.40 ¢ 20 f 1.2195b - 9.61d 20.55 ¢ -
Gy00R0S, (T5) 17.20 e 21 f 1.2209b 5 12.2¢ 27.12 b 31
G00R0So (T5) 19.30 d 22.21¢ 1.5531a 18 13.1b 28.27 b 38
G,R;S, (T, 21.53 ¢ 2451 d 1.1384 ¢ 31 11.9¢ 28.90 b 41
G, RS, (Ts)  26.58 b 27.91 ¢ 1.0500d 62 12.7b 29.72 a 45
G, Ry S; (Ty) 26.10 b 29.61 b 1.1344 ¢ 59 13.5ab 29.12 ab 42
G, RSy (T) 29.11 a 33.60 a  1.229b 78 14.1a 30.51 a 48
LSD (5%) 2.05 1.20 0.084 - 0.4 0.8 -

% IOC =percent increased over control

3.2. Mineral nutrition of rice

Data on the nutrient content (nitrogen, potassium, sulfur different growth stage of rice influenced by gypsum, saw dust
and phosphorus) and nutrient uptake per pot of plants at and rice hull are given in Table-4, 5 & Figure-1, 2, 3 & 4.

Table 4: Nitrogen content (%) and Potassium content (%) in rice plant tissue at different stages of growth as influenced by
gypsum, saw dust and rice hull

Treatment N (%) K (%)
combinations ETS MTS Mat. ETS MTS Mat.
GoR,S, (T) 124 d 114 d 09 d 05 ¢ 06 ¢ 0.65 d
G,00R0S, (T5) 1.34 ¢ 1.21 d 1.09 ¢ 0.65 b 0.95 ¢b 1.12 b
G00R0So (T5) 1.38 cb 1.26 ¢ 1.12 ¢ 0.85 a 1.11 a 1.41 a
G.R.S, (T,) 1.44 b 1.30 be 118 be 052d  0834d 0.99 ¢
G.R,,S, (T 148 ba 133 b 118 bc 058 ¢  0.92 c 1.03 ¢
G.R,S; (T, 1,51 a 1.41 ab 124b  053d 089 cd 1.09 b
G, RS, (T5) 1.55 a 1.46 a 138a  0.63bc 099 b 111 b
LSD (5%) 0.075 0.07 0.12 0.02 0.065 0.056
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Table 5: Sulfur content (%) and Phosphorus content (%) in rice plant tissue at different stages of growth as influenced by

gypsum, saw dust and rice hull

Treatment S (%) P (%)
combinations ETS MTS Mat. ETS MTS Mat.
GoR,S, (T)) 1.15¢F 0.40 020 f 0.17e¢ 0.096 d 0.084 ¢
G,00R0Sy (T5) 225 b 0.81 b 0.65 b 0.25 b 0.16 b 0.12 ¢
Gu00R0S (T5) 2.50 a 0.90 a 0.75 a 0.30 a 0.19 a 0.14 b
G, RS, (T, 1.50 e 0.51 e 030 e  0.20d 0.15 ¢ 0.11d
G, RS, (T 1.80 ¢ 0.56 d 0.35 d 0.22 od 0.15¢ 0.11d
G, R, S; (To) 1.70 d 0.59 ¢ 034d  021d 0.16 b 0.12 ¢
G, ReSo (T5) 1.85¢ 0.85 ba 0.45 ¢ 0.23 ¢ 0.16 b 0.19 a
LSD (5%) 0.1 0.025 0.03 0.015 0.009 0.01
1.9
2 1.7 -
The present investigation revealed that the nitrogen, 2 15
potassium, sulfur and phosphorus content in rice plant tissue E %i _ —
gradually decreased with time as supply of these nutrients from 2 33 _ - _—a Mat.
. . . . S ’ - =
soil became lower. Nitrogen content in plant straw was higher = gg’ - = MTS
= 01 L=

with the treatment application of rice hull and saw dust (T,,
T;, T, and Ty) as they add organic matter in turn, nitrogen to
the soil. The value of potassium was found to be much higher
with gypsum (T, and Tj) due to lowering of sodium content of
soil as the ionic radii of calcium is greater than sodium but less
than potassium and may be due to selective uptake of
potassium by plant for stomata growth or to maintain turgidity.
Saw dust also increased potassium content of rice but at the
latter stages of growth, after the completion of their
decomposition. Sulfur content in plant straw was higher with
the treatment application of gypsum (T, and T;) as they added
sulfur to the soil. Phosphorus content in plant straw was higher
with the treatment application of gypsum (T, and T;) as
application of gypsum creates optimum pH condition for the
availability of phosphorus. Nitrogen uptake was highest with
the application of saw dust and rice hull as they are an
important source of nitrogen. Potassium, sulfur and
phosphorus uptake was higher with gypsum and saw dust

application at highest dosages due to favorable condition
created by them for nutrient availability of plant.
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Fig 1: N uptake per pot (capacity 6kg soil) in rice plant
tissue at different stages of growth influenced by gypsum,
rice hull and saw dust

——ETS

Go RO So
G200 R0 So
G400 RO So

Go R5 So

Go R10 So

Go RO S5

Go R0S10

Fig 2: Potassium uptake per pot (capacity 6kg soil) in rice
plant tissues at different stages of growth influenced by
gypsum, rice hull and saw dust
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Fig 3: Sulfur uptake per pot (capacity 6kg soil) in rice plant
tissues at different stages of growth influenced by gypsum,
rice hull and saw dust
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Fig 4: Phosphorus uptake per pot (capacity 6kg soil) in rice
plant tissue at different stages of growth influenced by
gypsum, rice hull and saw dust
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4. CONCLUSION

The results obtained from the present research studies are
encouraging and suggestive. Accordingly, the findings of the
studies are: Application of rice hull and saw dust was found to
be effective in improving the adverse effect of salinity on yield
performance of rice. Again the application of gypsum, rice hull
and saw dust were found to improve nitrogen, phosphorus,
potassium and sulfur nutrition of rice. The findings suggest that
the substantial research is still essential to work out the
clevated doses of gypsum, rice hull and saw dust to minimize
the adverse effects of salinity in a cost-effective way. Again,
sustainable use of gypsum, rice hull and saw dust as the
ameliorating agents for the production of rice under saline
environments and their residual effects should be checked. The
ability of the amending materials for salt removal and
adaptability by farmers i.e., socio-economic considerations
should also be kept in mind before recommendation.
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