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Background. Saline-sodic soils is widely distributed in arid and semi-arid regions around the world. High
level of salt and sodium concentrations inhibited the growth and development of crop. However, there
has been limited report on both osmotic potential in soil solution (OP,,) and characteristics of Na* and K*
absorption in rice under amendments application.

Methods. A field experiment was conducted between 2009 and 2017 to analyze the influence of
amendments addition in saline-sodic soils on rice growth and yield. Rice was grown in the soil with no
amendment (CK), with desulfurization gypsum (DG), with sandy soil (SS), with farmyard manure (FM) and
with the mixture of above amendments (M), respectively. The osmotic potential in soil solution, the
selective absorption (SA), selective transport (ST), the distribution of K" and Na*and yield components in
rice plants were investigated. Results. The results indicated that amendments application have positive
effects on rice yield, and M treatment is the best among the tested amendments with the highest rice
grain yield. M treatment increased the OP_ values significantly to relieve the inhibition of the water
uptake by plants. Additionally, M treatment significantly enhanced K* content and impeded Na*
accumulation in shoots. SA values were reduced while ST values were increased for all tests with
amendments applied. In conclusion, mixture of desulfurization gypsum, sandy soil and farm manure is a
better ameliorant for the improvement of rice growth and yield in the western Songnen Plain.
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Abstract

Background. Saline-sodic soils is widely distributed in arid and semi-arid regions around the
world. High level of salt and sodium concentrations inhibited the growth and development of crop.
However, there has been limited report on both osmotic potential in soil solution (OPg) and
characteristics of Na* and K™ absorption in rice under amendments application.

Methods. A field experiment was conducted between 2009 and 2017 to analyze the influence of
amendments addition in saline-sodic soils on rice growth and yield. Rice was grown in the soil
with no amendment (CK), with desulfurization gypsum (DG), with sandy soil (SS), with farmyard
manure (FM) and with the mixture of above amendments (M), respectively. The osmotic potential
in soil solution, the selective absorption (SA), selective transport (ST), the distribution of K™ and

Na* and yield components in rice plants were investigated.
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Results. The results indicated that amendments application have positive effects on rice yield, and
M treatment is the best among the tested amendments with the highest rice grain yield. M treatment
increased the OPg values significantly to relieve the inhibition of the water uptake by plants.
Additionally, M treatment significantly enhanced K* content and impeded Na* accumulation in
shoots. SA values were reduced while ST values were increased for all tests with amendments
applied. In conclusion, mixture of desulfurization gypsum, sandy soil and farm manure is a better

ameliorant for the improvement of rice growth and yield in the western Songnen Plain.

Introduction

Soil salinity-sodicity is one of the central impediments with serious influences on crop productivity
and sustainability in arid and semiarid areas (Suarez 2001, Qadir et al. 2006). Saline-sodic soils in China
reached approximately 3.67x107 ha, and Songnen Plain is one of the major saline-sodic areas (Yao et al.
2008, Yang et al. 2016). pH stress and Na* toxicity are the main causes of the degradation in saline-sodic
soils (Gharaibeh et al. 2010). Efforts have been made to ameliorate saline-sodic soils including the use of
chemical amendments, farmyard manure, sandy soil and engineering (Qadir et al. 2007, Ahmad et al. 2013).
Chemical amendments usually used as a Ca®" source to replace the exchangeable Na* (Oster, 1982). Manure
application improves soil structure and alleviates soil sodicity (Yu et al. 2010). Sandy soil amendment
changes soil compactness and reduces salt content (Wang et al. 2010).

Rice (Oryza sativa L.) was planted in order to effectively utilize saline-alkaline soil, due to the fact
that irrigation is beneficial to rice growth and salt leaching. Crops growth responds to salinity and sodicity
in two phases: a continuous osmotic phase that the potential energy of saline-sodic soil solution was lowered
by it’s osmotic pressure, which inhibits the plants’ water uptake; and a slower ionic phase that ion toxicity
or ion imbalance due to the plants’ accumulation of ions over a period of time (Munns and Tester., 2008).
Most amendment study have focused on the characteristics of soil physiochemical properties (Chi et al.
2012; Zhao et al. 2018) rather than on the variety of osmotic potential in the soil solution and selective
absorption of ions in plant, although they have important effects on crop biomass (Wang et al. 2009).

Rice showed moderate sensitivity to salinity and sodicity from the study of Mass et al. (1977). Kelly

and Rengasamy (2006) showed that osmotic stress is one of the major factor in reducing crop yield. Tiessen
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and Carolus (1963) concluded that decreasing the osmotic potential of soil solution below -1.3 bars by
applying fertilizer was detrimental to the elongation of roots of plant. Song et al. (1996) demonstrated that
the survival of rice plant under saline-sodic conditions is correlated with Na* and K* accumulations in plant
tissues. Yamanouchi et al. (1987) investigated that Na™ concentrations in shoots are inversely correlated
with the relative plant growth and yield. Matsushita et al (1991) found that the susceptibility of rice plants
to saline-alkali stress is due to the limited ability to restrict Na* transportation to shoots. K* is an important
macronutrient for the growth of plants and cannot be substituted by Na* (Bhandal et al. 1988). The ability
of plant to keep a high cytoplasmic K*/Na* ratio is one of the most momentous mechanisms of salt tolerance
(Maathuis et al. 1999).

In this study, we analyzed the effect of amendments on osmotic potential in the soil solution,
characterized K* and Na* absorption of rice, and measured several parameters such as K* and Na* contents
in shoots and roots, selective absorption/transport for K* over Na*, distribution of K*, Na* in rice organs,

and yield of rice under various amendments application.

Materials & Methods

Location description

The study was conducted from 2009 to 2017 at Da’an Sodic Land Experiment Station (45°35'58"-
45°36'28"N, 123°5027"-123°51'31"E, 132.1 m.a.s.l), operated by Chinese Academy of Sciences.
According to USDA texture classification system, the soil at the study site has a clay loam texture.
Field design and treatment

The experiment was arranged in a random block design with three replicates of 20 m? for each plot.
There were five treatments implemented: (1) CK, without amendment application; (2) DG, amended with
desulfurization gypsum of 3 kg m2; (3) SS, amended with sandy soil of 10 cm thickness; (4) FM, amended
with 6 kg m? farmyard manure (5) M, amended with the mixture of desulfurization gypsum, sandy soil and
farm manure, the amounts of which are equal to those in the DG, SS and FM treatments. Plastic cloth buried
1 m deep in soil is separated from each other between plots to prevent disturbance of lateral movement of
amendments, water and salt. Soil amendments were manually mixed with the soil down to 20 ¢cm prior to

the start of this experiment in 2009. The local rice cultivar (G19) was planted in this experiment.
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Measurements

Rice samples were collected from each plot on October 1, 2017 before harvest and transported to the
laboratory. Rice plants were separated into roots, leaves, sheaths and panicles. Plant samples were dried for
48h at 80°C in an air-forced oven. Dried materials were finely grounded using a ball mill. They were then
digested using an acid mixture [sulphuric acid/ perchloric acid (H,SO,/HCIO,=4:1)]. K* and Na*
concentrations were determined using an atomic absorption spectrometer (GGX-900). K* and Na* contents
in the shoot were calculated from K* and Na* contents and dry weights of grains, leaves and sheaths; K*
and Na* contents in the whole plant were calculated from K* and Na* contents and dry weights of grains,
leaves, sheaths and roots.

Plants were harvested in October 20, 2017. The following growth and yield were determined and
calculated: plant height, panicle length, number of panicles per pot, number of grains per panicle, 1000-
grain weight and grain yield (Zeng et al. 2000).

Soil samples were obtained from each plot at six depths of 0-10 cm, 10-20 cm, 20-40 cm, 40-60 cm,
60-80 cm and 80-100 cm after harvest. All the soil samples were dried at 105°C for 24 h and passed through
a 2-mm diameter sieve. The EC values and concentrations of K and Na* were measured in a soil: water
suspension (1: 5) as described by Sumner (1993). The osmotic potential in the soil solution (OPg) was
calculated as follows:

OP,=(-0.36)x10EC (Bohn et al., 1979)
SA and ST Calculation

Selective absorption (SA) and selective transport (ST) values were calculated according to the
following formula of Wang (2002) and Wang et al. (2004) using data obtained from the experiments
described earlier:

SA= (K/Na in root dry weight)/ (soil K/Na at 0-40 cm depth)
ST= (K/Na in shoot dry weight)/ (K/Na in root dry weight)
Statistical analysis
The obtained results were statistically evaluated by the analysis of variance (ANOVA) method. The

differences between mean values were evaluated by the Duncan test. All analyses were done with the
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SPSS20.0 software (New York, USA), at the level of significance P=0.05.

Results
Soil physicochemical properties

The soil prior to the start of the experiment represents a typically severe saline-sodic soil with pH (1:
5 H,0) at 10.47, electrical conductivity (EC) (1: 5 HO) of 2.36 mS cm!, soil organic carbon (SOC) at 2.80
g kg'! and exchangeable sodium percentage at 79.66% in the top 20-cm soil layer, which is considered to
be the effective rooting zone.
Effect of amendments application on OPgg

The osmotic potential can serve as a good index for evaluating plant response to saline-alkali stress
(Souza et al., 2012). The osmotic potential in the soil solution (OP) was increased by amendments
application compared to the control, and in 0-40 cm soil layer, amendments application generally increased
the OPg, values in the following order: M>DG>SS>FM>CK (Figure 1). In the same soil layer, the highest
OP, was observed for M, which means that the ability to reduce the salt concentration of soil solution is
stronger, followed by DG.
Effect of amendments application on Na*, K* contents in rice shoots and roots

The Na' concentration in shoots of rice plants varied with different amendments applied in the saline-
sodic soil (Figure 2A). Rice shoots of plants treated with M showed the lowest Na* content of 0.91 mg/g
dry weight, compared to Na* content of 0.95, 0.98, 0.99 and 1.01 mg/g dry weight with FM, CK, SS and
DG treatments, respectively. The difference on Na* content between DG and M treatments was significant.
The mean root Na* content decreased from the maximum 2.38 mg/g dry weight in the CK treatment to 2.36,
2.21, 2.16 and 2.02 mg/g dry weight with M, SS, FM and DG treatments, respectively. The differences
among amendments treatment and CK were less obvious (Figure 2B). Amendments application
significantly enhanced K* content in rice shoots compared to the control treatment, with the highest K*
content found for DG (Figure 2C). The K* contents in rice roots with M, SS, FM treatments were lower
than that with the control treatment. The lowest K* content was observed for FM, which was 16.75% lower
than that of CK (Figure 2D).

Selective absorption and transport for K* over Na* in rice plant
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Selective absorption (SA) represents the net capacity of a plant to absorb K* relative to Na* from the
shallow soil (0-40 cm); Selective transport (ST) reflects the net capacity of a plant to transport in favor of
K* over Na* from root to shoot (Wang et al. 2004). Compared with the CK, SA values decreased after
applying amendments, and the lowest SA value was observed for M, which was 74.8% lower than that of
CK (Figure 3A). However, ST values were higher with amendment applications than the one without. The
peak ST value among different treatments was found for M, which was 1.5 times more than the ST value
of CK (Figure 3B).

The mean soil Na* content decreased from the maximum (6.68 mmol/L) in the control treatment to
3.16,4.35,5.11 and 6.60 mmol./L with M, DG, SS and FM treatments, respectively. The differences among
M, DG and CK were significant (Figure 4A). Amendment application slightly enhanced K* content in the
soil compared to CK (Figure 4B). The Ca?* contents of the soil were higher for treatments with amendments
than the one without, and differences among the 4 different amendments were not significant (Figure 4C).

Amendment application hindered the uptake of K* over Na* from soil to root compared with CK
(Figure 3A), which is probably a consequence of rice physiological adjustment. Amendment application
enhanced the uptake of K* over Na* from root to shoot compared with CK (Figure 3B), which was mainly
caused by the strong capacity of selective transport of K™ over Na* under amendments application.
Characteristics of distribution of Na* and K* in rice with different amendments
application

There were little differences on Na* content in the whole rice plants among different treatments in
saline-sodic soils (Figure 5SA). K* content in the whole plant was significantly enhanced after amendment
application, but the differences between the 4 treatments with amendments were limited (Figure 5B). Na*
absorbed by the whole plant was almost the same with and without amendments, which was different from
the observations on rice organs (Figure 5A, Table 1). The Na* contents in rice roots and grains both
decreased when applying amendments in saline-sodic soils; which was contrary to the rise of K* contents
in sheaths and leaves (Table 1). Compared to the control treatment, DG, SS, FM and M treatments increased
the K* contents in rice sheaths by 57.2%, 54.9%, 44.1% and 25.5%, respectively.

For the distribution of ions in rice organs, there was a higher K* proportion in leaves; the distribution
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of Na* was more focused in roots. The fundamental order of accumulation of Na* in various organs was
roots>leaves>sheaths>grains (Table 1). The order is imposed by the fact that root system retains more Na*
and prevents Na* from being transported to the organs aboveground in saline-sodic soils, resulting in higher
K* proportion in leaves, sheaths and grains, which was illustrated beneficial to normal metabolic (Borsani
2001, Ahmad et al., 2005).

Relationship between OPg, selective absorption and yield of rice

The changes of rice growth and yield were analyzed and the results are summarized in Table 2. The
grain yield of rice increased from 4426.01 kg/hm? in CK treatment to 8924.87, 8359.39, 8184.42 and
7259.90 kg/hm? in M, DG, SS and FM treatments, respectively. Amendment treatments significantly
enhanced the grain yield of rice, however, the differences among different amendments were not significant
(Table 2). Soil amendment application generally increased the 1000-grain weight in the following order:
M>DG>SS>FM>CK (Table 2). Additionally, M and DG treatments significantly increased the 1000-grain
weight to 1.16 and 1.13 times more than CK treatment does, respectively (Table 2). Compared to CK
treatment, M treatment significantly increased the mean number of panicles per pot, while FM treatment
considerably enhanced the number of grains per panicle (Table 2). There was no obvious difference on rice
height and panicle length between various treatments (Table 2).

Significant positive relationship were found between OPg.,o., and 1000-grain weight (R>=0.992,
P=0.001, Table 3) and between OPg.,., and grain yield (R>=0.946, P=0.015, Table 3). Significant negative
relationships were found between SA and rice grain yield (R>=0.921, P=0.026, Table 3) and between SA
and 1000-grain weight (R>=0.884, P=0.047, Table 3) for rice. Furthermore, there was a positive correlation
between 1000-grain weight and grain yield (R>=0.977, P=0.004, Table 3). There was no significant

relationship between either SA or ST and other growth and yield of rice (Table 3).

Discussion

Characteristics of Na* and K* absorption in rice
Applying amendments reduces the uptake and accumulation of Na* and increases the uptake of K*
(Sudhir et al. 2004), which is consistent with our experimental results. Amendments addition reduce plant

Na* uptake under saline-sodic soils by transient Na* binding due to its high absorption capacity and by
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releasing mineral nutrients into the soil (Akhtar et al. 2015, Melas et al. 2017, Jin et al. 2018). In addition,
as the amendments applied, osmotic stress and Na* toxicity were significantly decreased for better plant
growth in saline-sodic soils (Swarup 1988, Yuncai et al. 2005, Luo et al. 2018, Shi et al. 2019). Similar to
our results, previous studies showed that plants accumulate excessive Na* in their shoots under stress caused
by high salinity-sodicity (Roy et al. 2014), and the Na* content in shoots increased significantly with the
surge in soil salinity-sodicity (Syed et al. 2017).

Adding amendments reduced the salinity-sodicity stress of the soil (Changanti et al. 2015), therefore,
the rice planted in the CK plot was under a higher external salinity-sodicity stress. As a result, SA value of
rice plants with CK was higher than those with amendments application to maintain a high cytosolic K*/Na*
ratio, which is thought to be one of the most important mechanisms of salt tolerance exhibited by plants
(Gorham et al. 1990, Dubcovsky et al. 1996, Munns et al. 2008, Munns et al. 2010).

Effects of Ca?* on SA and ST values

Application of amendments enhanced the uptake of K* over Na* from root to shoot, which was mainly
caused by the strong capacity of selective transport of K* over Na* under amendments. Furthermore, the
redundant Na* were intercepted by rice roots, this is consistent with previous studies by Mamo et al. (1996)
and Abdullah et al. (2001). Amendments consisted of Ca?>" promoted K" rather than Na* absorption,
resulting in the enhancement on selectivity of K* over Na* (Shinsuke et al. 2011). Ca?* can replace Na* in
plants, which restored cell wall stability and plasma membrane integrity and facilitated K*/Na* selectivity
(Zhang et al. 2010, Wu et al. 2012). Ca?" from amendments can also reduce the bypass flow of rice under
salinity stress (Anil et al. 2005).

It can be concluded in this study that amendments application in saline-sodic soils can reduce K*
selective absorption over Na* from soil to root and enhance K* selective absorption over Na* from root to
shoot. However, it was shown that, under saline-sodic conditions, amendments consisted of Ca?*
remarkably increased K*/Na* selectivity of both roots and shoots in Medicago sativa (Al-Khateeb 2006)
and Cornus sericea (Renault et al. 2009). In contrast with what Wang et al (2007) found that applications
of amendments consisted of Ca?" had no influence on K*/Na* selective absorption. Previous study on rice

plants (Wu et al. 2012) indicated that amendment-treated (consisted of Ca?") samples showed stronger
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selective absorption for K* than Na* at low salinity. Besides the difference on amendments used in those
studies, the degree of salinity stress was quite unlike from one case to the other.
Yield of rice

our experiments have shown that application of calcium can enhance the OP values, and then decrease
osmotic pressure of soil solution, ultimately increase the plant growth and yield of rice in saline-sodic soils.
Transient salinity affects the plants’ absorption of available water, which result in the reduction in plant
yield (Rengasamy. 2010a, 2010b). In saline-sodic soils, application of ameliorants alleviates the salinity-
sodicity stress on plants (Irshad et al., 2002). Applying a small amount of calcium could enhance the plants’
salt tolerance (Cramer 1992).

The grain yield of rice was higher with amendment application compared to that with CK treatment.
The negative relationship between grain yield and SA values indicates that high SA value from the
promoted plant growth caused by Na* uptake is of little benefit to rice plants (Milford et al. 1977, Durrant
et al. 1978). A possible explanation for this result is that the low SA values of plant was partly ascribed to
its relative sensitivity to root which increased the Na* accumulation in root and therefore decreased the SA
values (Leland et al. 1999, Ren et al. 2005, Tsialtas et al 2009).

Amendments are known to improve root environment and increase rice yield (Abrishamkesh et al.
2015). In this study, we found that amendment application can reduce the absorption of Na* in rice shoots,
which could improve rice yield. However, the mechanism of physiological and ecological changes in rice
plants, such as enzymes, photosynthetic absorption, membrane permeability and etc, has not been well
investigated, especially for the saline-sodic soils. The work present here is of great worth to better

understandings of how rice plants behave in saline-sodic soils through further exploitations.

Conclusions

In this long-term field experiment, the amendments application significantly increased the yield of
rice. Relative to CK treatment, the FM and M treatments significantly enhanced the 1000-grain weight and
the SS and FM treatments significantly improved the number of grains per panicle and the number of
panicles per pot, respectively. Furthermore, all amendments application significantly increased the grain

yield of rice. In particularly, the M treatment is the best among the tested amendment treatments with the
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highest rice grain yield in the saline-sodic soils. Because the M treatment increased the OP significantly,
and then, it can relieve the inhibition of the water uptake by plants. In addition, a positive effect of
amendments application on reducing Na" accumulation and increasing the uptake of K* of rice shoot, and
amendments application can increase ST values and decrease SA values. Moreover, there exist an ion
regionalization distribution in rice plant: a higher K* proportion in leaves and a higher Na* proportion in
roots. Collectively, mixture of desulfurization gypsum, sandy soil and farm manure is a better selection for

increasing the yield of rice in saline-alkaline soils in the western Songnen Plain.
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Table 1. Na*, K" contents and K*/Na* ratio in different organs of rice plant with various treatments.
Table 2. Effects of amendments application on growth and yield of rice plant

Table 3. Correlation coefficients among OP, SA, ST values and different growth and yield of rice..
Figures

Figure 1. Osmotic potential of the soil solution with different amendments application. CK,
control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars

represent the standard error of the mean of three replications.

Figure 2. Na*, K* contents in different parts of rice plants with various treatments: CK, control,

without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
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manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent
the standard error of the mean of three replications. Different letters denote means that are
significantly different from each other (P<0.05), NS indicates non-significant difference among

treatments (P>0.05).

Figure 3. Selective absorption and selective transport of rice with various treatments: CK, control,
without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent
the standard error of the mean of three replications. Different letters denote means that are
significantly different from each other (P<0.05), NS indicates non-significant difference among

treatments (P>0.05).

Figure 4. Na*, K™ and Ca?" contents in the soil (0-40 cm) with various treatments: CK, control,
without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent
the standard error of the mean of three replications. Different letters denote means that are
significantly different from each other (P<0.05), NS indicates non-significant difference among

treatments (P>0.05).

Figure 5. Na*, K* contents in the whole rice plant with various treatments: CK, control, without
amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard manure; M,
mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the standard
error of the mean of three replications. Different letters denote means that are significantly
different from each other (P<0.05), NS indicates non-significant difference among treatments

(P>0.05).
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Figure 1(on next page)

Osmotic potential of the soil solution with different amendments application.

CK, control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure.

Bars represent the standard error of the mean of three replications.

Peer] reviewing PDF | (2019:06:38932:0:1:NEW 17 Jul 2019)



PeerJ

Osmotic potential (bars)

-5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5
R IR R R R R

0 L 1 L 1 L 1
20 4
E 401
N—
=
R
(=¥
(]
S 60
'S
9]
80 -
100 -

Figure 1. Osmotic potential of the soil solution with different amendments application. CK, control,
without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the

standard error of the mean of three replications.
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Figure 2 (on next page)

Na*, K" contents in different parts of rice plants with various treatments.

CK, control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure.
Bars represent the standard error of the mean of three replications. Different letters denote
means that are significantly different from each other (P<0.05), NS indicates non-significant

difference among treatments (P>0.05).
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Figure 2. Na*, K* contents in different parts of rice plants with various treatments: CK, control,

without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard

manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the

standard error of the mean of three replications. Different letters denote means that are significantly

different from each other (P<0.05), NS indicates non-significant difference among treatments

(P>0.05).
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Figure 3(on next page)

Selective absorption and selective transport of rice with various treatments.

CK, control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure.
Bars represent the standard error of the mean of three replications. Different letters denote
means that are significantly different from each other (P<0.05), NS indicates non-significant

difference among treatments (P>0.05) .
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Figure 3. Selective absorption and selective transport of rice with various treatments: CK, control,
without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the
standard error of the mean of three replications. Different letters denote means that are significantly

different from each other (P<0.05), NS indicates non-significant difference among treatments

(P>0.05).
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Figure 4 (on next page)

Na*, K* and Ca** contents in the soil (0-40 cm) with various treatments.

CK, control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure.
Bars represent the standard error of the mean of three replications. Different letters denote
means that are significantly different from each other (P<0.05), NS indicates non-significant

difference among treatments (P>0.05).
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Figure 4. Na*, K* and Ca?" contents in the soil (0-40 ¢cm) with various treatments: CK, control,
without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard
manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the
standard error of the mean of three replications. Different letters denote means that are significantly
different from each other (P<0.05), NS indicates non-significant difference among treatments

(P>0.05).
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Figure 5(on next page)

Na*, K" contents in the whole rice plant with various treatments.

CK, control, without amendments application; DG, desulfurization gypsum; SS, sandy soil; FM,
farmyard manure; M, mixture of desulfurization gypsum, sandy soil and farmyard manure.
Bars represent the standard error of the mean of three replications. Different letters denote
means that are significantly different from each other (P<0.05), NS indicates non-significant

difference among treatments (P>0.05).
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Figure 5. Na*, K contents in the whole rice plant with various treatments: CK, control, without
amendments application; DG, desulfurization gypsum; SS, sandy soil; FM, farmyard manure; M,
mixture of desulfurization gypsum, sandy soil and farmyard manure. Bars represent the standard
error of the mean of three replications. Different letters denote means that are significantly different
from each other (P<0.05), NS indicates non-significant difference among treatments (P>0.05).
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Table 1l(on next page)

Na*, K" contents and K*/Na" ratio in different organs of rice plant with various
treatments.

The small letters after data indicate that ion contents stand significant difference for P=0.05.
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1 Table 1. Na*, K contents and K*/Na* ratio in different organs of rice plant with various treatments.

Amendment Organ Na*(mg/g DW) K*(mg/g DW) K*/Na*
CK Grain 0.53c 2.75ab 7.07a
Leaf 1.38b 3.6la 2.57b

Sheath 1.06b 1.99b 1.90b

Root 2.38a 3.01a 1.36b

DG Grain 0.25d 2.62b 10.61a
Leaf 1.63b 5.06a 3.18b

Sheath 1.30c 4.42a 3.40b
Root 2.02a 3.04b 1.53c

SS Grain 0.27d 2.69c 10.11a
Leaf 1.59b 4.93a 3.11b
Sheath 1.19¢ 3.56b 2.93b
Root 2.21a 2.57c 1.28c

FM Grain 0.19d 2.60b 15.15b
Leaf 1.61b 5.19a 3.23b
Sheath 1.13c 2.67b 2.40a
Root 2.16a 2.51b 1.25b

M Grain 0.24c 2.61b 12.59a
Leaf 1.27b 4.62a 3.85b
Sheath 1.31b 4.65a 3.54b
Root 2.36a 2.80b 1.21c

2 Note: The small letters after data indicate that ion contents stand significant difference for P=0.05.

3
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Table 2(on next page)
Effects of amendments application on growth and yield of rice plant.

mean value and its standard error (SE) are reported. Different letters denote means that are

significantly different from each other (P<0.05).
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1

Table 2. Effects of amendments application on growth and yield of rice plant

Treatment Height (cm) Panicle Number of Number of grains 1000-grain Grain yield

length (cm) panicles per pot  per panicle weight (g) (kg/hm?)
CK 89.00+3.19a 14.25+0.43a  15.75+0.75b 59.25+3.94b 19.36+0.62b  4426.01+684.77b
DG 87.83+3.38a 15.29+0.41a  16.83+0.48b 78.50+9.53ab 21.67+0.56ab 8184.42+1067.62a
SS 89.83+£2.06a 15.33+0.59a  16.50+1.26b 86.67+5.16a 20.67+0.79ab  7259.90+508.66a
FM 94.17£1.05a 14.29+0.32a  22.33+1.96a 68.94+8.38ab 22.4440.71a  8924.874+607.16a
M 92.50+2.60a 14.25+0.25a  18.83+1.14ab 78.17+4.57ab 21.93+0.98a  8359.39+938.64a

2 Note: mean value and its standard error (SE) are reported. Different letters denote means that are significantly

3 different from each other (P<0.05)

4
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Table 3(on next page)

Correlation coefficients among OP, SA, ST values and different growth and yield of rice.

* and ** mean significant correlation at 0.05 and 0.01 level, respectively.
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Table 3. Correlation coefficients among OP, SA, ST values and different growth and yield of rice

Manuscript to be reviewed

OPgooem  SA ST Height Panicle Number of Number of grains  1000-grain
(bars) value value (cm) length (cm)  panicles per pot per panicle weight (g)

SA -0.857

ST 0.628 -0.879"

Height 0.695 -0.589 0.278

Panicle length (cm) -0.146 -0.205 0.391 -0.62

Number of panicles per pot 0.858 -0.772 0.592  0.905" -0.454

Number of grains per panicle  0.276 -0.492 0.319  -0.08 0.727 -0.086

1000-grain weight (g) 0.992** -0.884" 0.671  0.619  -0.024 0.802 0.375

Theoretical yield (kg/hm?) 0.946" -0.921* 0.708  0.536  0.161 0.708 0.559 0.977*

Note: * and ** mean significant correlation at 0.05 and 0.01 level, respectively.
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