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Traditionally, common salt (NaCl) is applied to con-
trol broadleaved weeds under shifting cultivation in
Nagaland. The aim of the present study was to find
out whether such practice is harmful to the soil. For
this, an experiment was conducted on upland rice with
12 treatments, viz. control, weedy check and different
doses of NaCl from 20 to 200 kg ha™'. Soil samples
were collected at several phases of shifting cultivation
and analysed for organic carbon, available N, P, K,
pH, electrical conductivity (EC), cation exchange ca-
pacity, exchangeable sodium percentage and sodium
adsorption ratio. Yield and yield attributing charac-
ters were measured and economics was computed. The
results revealed that soil organic carbon (SOC)
increased after harvest, but decreased after one year.
In contrast, available N, P and K decreased during the
crop growth and post harvest period. Weedy check
followed by an application of 100 kg NaCl ha™ real-
ized the highest gross and net returns. It was
observed that NaCl did not exert an undesirable influ-
ence on pH, SOC and available NPK; however, EC
increased for a short time. The results were confirmed
by the verification trial. The yield of rice was highest
in 100 kg NaCl ha™' treatment among the treated plots.
Hence, this may be recommended to control weeds
under shifting cultivation.

Keywords: Common salt, direct-seeded rice, indige-
nous technical knowledge, shifting cultivation, weed con-
trol.

SHIFTING cultivation is commonly practised by the Naga
ethnic groups for their livelihood in the North Eastern
Hill (NEH) region of India. In this form of agriculture, a
part of the forest is slashed, burnt and cropped without
tilling the soil, and the land is fallowed subsequently to
attain the pre-slashed forest status through natural succes-
sion'. Rice is the principal foodgrain crop in the shifting
cultivation of the North Eastern hilly ecosystem. It occu-
pies 3.51 m ha, which accounts for more than 80% of the
total cultivated area of the region. The North Eastern hills
account for 7.8% of the total rice area of India with 5.9%
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production, having an average productivity of 1.4t ha™
(ref. 2). In shifting cultivation rice seeds are directly
sown, while in terrace and valley lands rice seedlings are
transplanted. Most of the farmers grow crops on the hill
without applying any synthetic pesticide. Because of
intermittent occurrences of rain during the early growth
stage of rice, weeds like Digitaria sanguinalis, Eluesine
indica, Borreria hispida, Ageratum conyzoides, Amaran-
thus viridis, Chromolaena odorata, Commelina bengha-
lensis, Mimosa pudica, etc. emerge early and grow rapidly’.
This results in heavy weed infestation within a short span
of time. Besides, farmers cultivate crops in the virgin
forest land after clearing the native trees and shrubs.
Thus, the menace of weeds is much higher than conven-
tional cultivation. As a consequence, rice productivity in
Nagaland is far lesser than that in other parts of India. Weed
is one of the reasons for the poor rice yield. Research in
the region reveals that weed infestation is more severe in
upland condition (71%) compared to wetland (29%)
condition*. Weed causes heavy damage to direct-seeded
rice crop, which may be 5-100% (ref. 5). In general, 2,4-
D Na salt is globally used to control post-emergence
broadleaved weed and sedge’. Since farmers do not adopt
synthetic pesticides, 3—4 times hand weeding is recom-
mended during the crop growth period. But this practice
incurs high labour cost. Thus, the farmers adhere to their
ethnic custom of application of common salt (NaCl) for
controlling weeds.

Farmers prefer NaCl to kill weeds because of its ready
availability, low cost, safe use, and traditional belief.
NaCl affects the plant by three modes of action: lowering
of water potential, direct toxicity of Na" and CI ions, and
interference with the uptake of essential nutrients’. The
high Na": K" ratio disrupts various enzymatic processes
in the cytoplasm owing to the ability of Na' to compete
with K* for the binding sites’. However, silica deposition
and polymerization of silicate in endodermis and rhizo-
dermis block Na' influx through the apoplastic pathway
in the roots of rice®. Thus, rice can regulate and adjust its
osmotic pressure and can thrive under high salt condition.
Available reports suggest that, globally NaCl is applied
to control smooth crabgrass (Digitaria ischaemum)’,
goose grass (Eleusine indica)'®, sour grass (Paspalum

1459



RESEARCH ARTICLES

conjugatum)"', annual grass weed'” and rip gut brome'’.
Also, sea water is sprayed to control weed in turf grass'.
As a cost-effective strategy, NaCl is mixed to reduce the
rate of round-up application in oil palm plantations'.
Though NaCl is not recommended as a common herbi-
cide by the agronomists, it has the capacity to control the
broadleaved weeds®. Some alien weeds like Ageratum
conyzoides and Parthenium hysterophorus could success-
fully be controlled by spraying 15-20% NaCl (ref. 15).
Research findings have revealed that 150 kgha™' NaCl
may be applied to control annual broadleaved weeds in
NE India'®. Majority of the studies report the ability of
NaCl to control weeds and its effect on rice physiology;
however, its effect on the soil has not yet been studied
systematically.

In view of the above facts and also to validate the
application of NaCl, it was investigated whether NaCl
application for upland rice is harmful to the soil. There-
fore, an experiment was conducted with the following ob-
jectives: (i) to evaluate the effect of NaCl on soil
properties, and (ii) to analyse the influence of NaCl on
yield and growth characters of upland rice.

Methodology
Experimental details

The experiment was conducted at a farmer’s field located
in Medizphema (25°45.929'N, 93°53.123'E, 508 m amsl,
55% slope), Nagaland during the rainy season (June—
October) of 2012. Figure 1 provides the meteorological
data from January 2012 to October 2013. The mean
monthly maximum and minimum air temperatures varied
from 20.9°C to 33.4°C and 7.5°C to 25.5°C respectively.
Total rainfall was 3011.8 mm during the experimental
period. Monthly rainfall was the highest in August 2013
(476.7 mm) followed by July 2012 (366 mm). This enor-
mous rainfall coupled with steep slope reduced salt con-
centration on the soil profile. The differences in timing
and intensity of rainfall after salt application, and the
amount and type of ground cover would affect the extent
to which the salt is available on the soil surface'?.

The following 12 treatments were imposed in random-
ized complete block design (4 m x 4 m plots in the mid-
hill across the slope) with three replications: 7; (control:
no NaCl), 7| (manual weeding at 40 and 60 days after
sowing (DAS) or weedy check), 7> (20 kg ha™' NaCl or
2% concentration), T3 (40 kg ha™ NaCl or 4% concentra-
tion), T, (60 kgha' NaCl or 6% concentration), Ts
(80 kgha™ NaCl or 8% concentration), 7 (100 kg ha™'
NaCl or 10% concentration), 7, (120 kg ha' NaCl or
12% concentration), Ty (140 kg ha™' NaCl or 14% con-
centration), Ty (160 kg ha' NaCl or 16% concentration),
Ty, (180 kgha' NaCl or 18% concentration), and T},
(200 kg ha™' NaCl or 20% concentration), and they were
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applied at 45 and 75 DAS. NaCl was applied as foliar
spray through a flat fan nozzle using water as a carrier at
the rate of 500 1 ha '. Rice (cv Bhalum 3; 130-140 days
duration) seed (60 kgha™') was dibbled in June 2012.
Traditional practices were followed to raise the crop
under rainfed condition, i.e. no application of fertilizer
and farmyard manure.

Soil analysis

Surface soil samples (0—15 cm depth) were collected at
different phases of shifting cultivation (Table 1). The
samples were dried, ground and passed through a 2 mm
sieve and analysed for sand, silt and clay contents (hy-
drometer method)'’, pH and electrical conductivity (EC;
in 1:2.5 soil:water suspension), oxidizable organic
carbonlg, alkaline-KMnO, extractable nitrogenlg, available
phosphorus'®, available potassium using 1 N NH,Ac (ref.
18) and cation exchange capacity (CEC)". Two different
criteria were used to measure soil salinity, viz. sodium
adsorption ratio (SAR) with a reported threshold of 12
(cmol kg )** and exchangeable sodium percentage (ESP)
with a reported threshold of 15% (ref. 20). SAR and ESP
of the soil samples were measured using laboratory tests
as described by the Soil Survey Staff ?' and calculated as
follows:

.
SAR = Na (1)

Jca + M)z

where SAR is in (cmol kg )** and Na®, Ca**, Mg”" are
the measured exchangeable Na', Ca®" and Mg®" respec-
tively (cmol kg ™).

Na®
ESP = x 100, 2)
CEC

where Na is the measured exchangeable Na (cmol kg ")
and CEC is in cmol kg '.

To establish the relationship between ESP and SAR, a
typical linear regression model was used

Y= k() + k]Xv, (3)
where Y is the dependent variable, i.e. ESP of soil, X the

independent variable, i.e. SAR of soil and %, k; are the
regression coefficients.

Yield and economics
Three sites in each plot were sampled using 1.0 sq. m

quadrate for yield at harvest stage and averaged. The
straw and panicles were air-dried for a week, and then
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Figure 1. Weather parameters during the experimental period.
Table 1. Details of the soil samples collected at different phases of shifting cultivation

Phase Abbreviation Date

Remarks

Undisturbed forest land. The forest was cut during the last week of October—first

week of November 2011.

The leftovers twigs of trees were dried.

The whole area was burnt and the field was covered with ash.

Just before the sowing of rice. Sowing was done on 3 June 2012.

At 75 DAS, which is 30 days after first application of NaCl and just before the

application of the second dose.

Virgin forest VF 14 October 2011
Before burning BB 9 March 2012
After burning AB 2 April 2012
Before sowing BS 29 May 2012
Standing crop SC 17 August 2012
After harvest AH 10 October 2012
One year after harvest AY 10 October 2013

At 130 DAS, which is 55 days after the second application of NaCl.
The land was bare and sparsely covered with bushy vegetation.

cleaned and sun-dried. The grain yield was reported at
14% moisture and straw yield on the oven-dry weight
basis. This gave the yield in kilogram per plot, and then
the net plot yield (t ha™) was calculated.

The cost of cultivation, gross return, net returns and
benefit: cost (B:C) ratio of different treatments were
worked out based on the prevailing market price. Net
return (Indian National Rupees (INR) ha™') and B: C ratio
were worked out using the following formulae

Net return (INR ha™') = Gross return (INR ha™)
— cost of cultivation (INR ha™).

Benefit : cost ratio = Gross return (INR ha™')/

total cost of cultivation (INR ha™).

Verification trial

A verification trial was conducted to test the validity of
the results from the main experiment before recommend-
ing for adoption by the farmers. For this, the experiment
was repeated in the same location during 2013—14. The
soil samples after harvest were tested for soil salinity
parameters.
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Statistical analysis

The analysis of variance method for randomized com-
plete block design (RCBD) was followed to analyse the
difference among treatment means®. The significance of
different sources of variation was tested for the error
mean square of Fisher Snedecor’s F' test at probability
level (P <0.05). In the summary tables of the results, the
standard error of mean (SEM) and least significant differ-
ence (LSD) to compare the difference among the means
have been provided.

Results and discussion

Initial properties of the soil

Table 2 shows that pH is low (4.81 £0.21) in soils of
virgin forest (VF). It decreases to a small extent (4.19 £
0.07) before burning and increases to a large extent
(6.05 £ 0.09) after burning. The first decrement was due
to the released organic acids from the decomposition of
leftover twigs. Further increment could be attributed to
the basic cations added from the ash of the leftover twigs.
However, in all the cases the soil remained acidic
(pH < 7) and this acidic soil condition helped in controlling
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Table 2. Initial properties of soil samples collected at different phases of shifting cultivation

Parameter VF BB AB BS

pH (1:2.5 soil : water) 481+021* 4.19£0.07 6.05 +0.09 5.01 £0.04
Electrical conductivity (dS m™") 0.049 +0.008 0.052 +0.008 0.104 +0.004 0.067 +0.001
Organic carbon (%) 2.30+0.19 1.92+0.10 1.69 +0.11 1.55+0.10
Available N (kg ha™) 87.81 £9.58 137.98 £ 16.59 28224 +17.27 258.14 + 15.44
Available P (kg ha™) 838 +1.12 8.99 +1.38 39.37+1.68 34.94 +1.32
Available K (kg ha™) 43.54 +7.21 91.88 +17.62 336.12 £ 51.69 279.62 £ 22.56

*Mean + standard error of mean (n = 3). VF, Virgin forest; BB, before burning; AB, after burning; BS, before

sowing.

weeds using NaCl (ref. 2). Not much change was noted in
EC (dS m™") of VF and before burning (BB) soil samples.
However, EC increased almost twice after burning
(0.104 +0.004 dS m™") compared to that before burning
(0.052 £0.008 dS m™"). The soil organic carbon (SOC)
decreased with the advance of phases of shifting cultiva-
tion. This may be attributed to gravitational movement of
clayey substances from experimental plots (slope 55%).
Related studies in two grasslands in central California,
USA, showed that the sediments transported on the steeply
sloped landscapes and the average organic carbon erosion
rate from convex slopes varied from 1.4 to 8 gC m”
year ' (ref. 23). After cutting of VF, the soil temperature
increased. This may induce more microbial activities. The
increased microbial activities may promote higher rate of
decomposition of organic matter and less accumulation of
SOC (1.92 £ 0.10%) in soil before burning. Decomposed
leaves and twigs did not significantly contribute to SOC
(measured at 0.5 mm sieved soil). SOC (1.69 +0.11%)
decreased by a large amount after burning of surface re-
sidues. Available N, P and K content increased with the
advance in phases of shifting cultivation. The soil trapped
the released volatile nitrogenous compounds (ammonia)
in acidic soil after burning. This increased available N
from 137.98 + 16.59 kgha ' (BB) to 82.24 + 17.27 kg ha'
(AB). Availability of P in the soils increased by 4-6
times from 8.99 +1.38kgha' (BB) to 39.37 +1.68
kgha' (AB). This was due to the increase in pH after
burning. These findings contradict those of Arunacha-
lam**, who reported that available-P, total Kjeldahl nitro-
gen, ammonium-N and nitrate-N decreased as the
duration of cultivation increased under shifting cultivation.
However, the present study also supported the addition of K
to the soil from the ashes™, an increase in soil pH (ref. 25)
and a decrease in SOC**. The content of N, P, K, pH, EC,
SOC decreased by a small amount before sowing (Table 2).

Effect on soil

Temporal variation of soil nutrient status after application
of different rates of NaCl (Table 3) showed that the largest
amount of SOC was recorded with no NaCl (7),
140 kg ha™' (Ts) and 100 kg ha™ (7,) NaCl treated plots
in standing crop (SC), after harvest (AH) and one year
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after harvest (AY) samples respectively. Treatments
showed no clear trend; however, samples showed
temporal variations with the phases of shifting cultivation.
SOC increased after harvest (1.72-2.50%), which again
decreased in AY samples (0.94-1.82%), even lower
than SC samples (1.42-2.00%), with the exception of
treatment 75. The first increment was due to the addition
of carbon into the soil through root exudates, and the lat-
ter decrement after a year was due to loss by soil erosion
in abandoned fields. Application of NaCl induced local-
ized sodicity and consequent solubilization of SOM
exaggerated potential SOC loss™. However, the effect of
NaCl on SOC was not clearly visible in the present ex-
periment, even though there was a significant difference
in exchangeable Na content in the experimental soil (Ta-
ble 4). This could be due to the lesser extent of sodicity
(0.049-0.170 meq 100 g ' Na) and salinity (0.070-0.120
EC), which was not sufficient to influence SOC content.
Available N, P and K decreased continuously during the
crop growth period as well as the post-harvest period. The
first decrement was due to crop removal and the decrement
during the latter period was due to soil loss by erosion.

Salt concentration as measured by EC showed that EC
increased significantly with NaCl-applied plots (7>—T7;)
over control (7y), and weedy check (77) as visible in the
SC samples (collected after a month of first application of
NaCl; Figure 2 a and b). This increment was due to the
application of NaCl in the salt-treated plots. The trend
remained the same after application of NaCl twice, as
shown by the EC value of AH samples. However, the EC
value increased 1.28-1.40 times compared to that in SC
samples. EC could be best fitted to the exponential equa-
tion given below (eq. 4). It indicates that by increasing
the dose of NaCl, Y (electrical conductivity) would
increase exponentially.

Y = ae’, 4)
where C is the dose of NaCl (kg ha™), and a, b are con-
stants. The present findings show that the value of a
ranges from 0.0408 to 0.0963, and » from 0.0005 to

0.0012. The rate (change in EC per unit change in dose of
NaCl) could be obtained by differentiating eq. (4)

dY/AdC = abe’c. (5)
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Table 3. Temporal variation of soil nutrient status after different rates of common salt (NaCl) application

Organic carbon (%)

Available N (kg ha™")

Available P (kg ha™") Available K (kg ha™)

Treatment SC AH AY SC AH AY SC AH AY SC AH AY
Control (7o) 2.00 2.28 1.28 254.02 250.88 191.30 3121 2781 1423 26544 241.64 226.07
Weedy check (77) 1.81 198 1.28 254.02 213.25 185.02 3459  28.57 8.67 24138 22631 182.00
NaCl application (kg/ha)
20 (7») 1.75 219  1.07 272.83  225.79 175.62 28.06  21.68 9.40 25424  228.03 190.79
40 (T5) 1.42  2.05 137 254.02 250.88 166.21 30.12  19.02 1027  244.16 218.12  209.61
60 (74) 1.65 2.04 094 24461 21325 181.89 27.58  14.19 7.85 15176 15047  141.23
80 (T5) 1.56  2.20 1.61 313.60  260.29 172.48 3326 16.40 10.55  284.14 247.63 215.04
100 (Ts) 1.87 2.28 1.82  288.51 24147 147.39 2528 15.55 1290  247.52 186.59  185.64
120 (Ty) 1.48 242 1.28 254.02 200.70 125.44 34.71 17.68 9.66  243.04 137.76 11945
140 (Ts) 1.66 250 1.37 23520 222.66 159.94 33.50  19.34 890 19348 187.15 185.92
160 (Ty) 1.99 218 137 247774 23834 134.85 3537  27.82 1126 183.12 117.04 111.72
180 (7o) 1.63  1.77 156  279.10 254.02 144.26 27.58 16.48 11.67 19645 19286 175.84
200 (T11) .52 1.72  1.41 304.19  254.02 156.80 36.53  23.81 8.45 23554 221.03 146.72
SEM 0.04 0.03 0.05 2.20 2.37 2.37 0.37 1.88 1.24 6.52 4.90 5.17
LSD (P £0.05) 0.11  0.10 0.14 6.45 6.96 6.96 1.10 5.52 7.09 19.14 14.38 15.17

SC, Standing crop; AH, after harvest; AY, one year after harvest.

Table 4. Temporal variation of sodium (Na), potassium (K), calcium + magnesium (Ca + Mg), exchangeable sodium percentage (ESP), and
sodium adsorption ratio (SAR) status after different rates of NaCl application
Na meq 100 g’l K meq 100 g’l Ca+Mg meq 100 g’l ESP (%) SAR (cmol k g")o'5

Treatment SC AH AY SC AH AY SC AH AY SC AH AY SC AH AY
Control (7o) 0.058 0.058 0.006 0.276 0.258 0.303 5.733 6.284 6.091 0.953 0.876 0.095 0.034 0.033 0.003
Weedy check (77) 0.061 0.064 0.015 0.390 0.373 0.208 5.749 6.764 7.777 0.982 0.888 0.190 0.036 0.035 0.008
NaCl application (kg/ha)

20 (7>) 0.079 0.088 0.018 0.260 0.218 0.290 6.394 5.827 8.025 1.177 1.439 0.220 0.044 0.052 0.009
40 (T3) 0.082 0.094 0.018 0.249 0.239 0.279 6.069 6.666 8.836 1.284 1.349 0.200 0.047 0.052 0.009
60 (7y) 0.088 0.097 0.079 0.172 0.161 0.173 5.807 6.542 5.948 1.455 1.426 1.277 0.052 0.054 0.046
80 (Ts) 0.091 0.110 0.082 0.324 0.283 0.246 7.584 8.208 5.472 1.141 1.274 1.417 0.047 0.054 0.050
100 (Ts) 0.094 0.113 0.091 0.212 0.213 0.283 6.627 6.808 6.559 1.361 1.580 1.317 0.052 0.061 0.050
120 (T%) 0.100 0.113 0.094 0.157 0.136 0.277 7.409 6.551 3.428 1.310 1.658 2.485 0.052 0.062 0.072
140 (Ts) 0.110 0.116 0.100 0.221 0.214 0.212 5.736 6.671 5.554 1.806 1.653 1.714 0.065 0.063 0.060
160 (Ty) 0.122 0.119 0.107 0.134 0.097 0.209 7.145 7.584 6.684 1.645 1.523 1.524 0.064 0.061 0.058
180 (7o) 0.125 0.131 0.107 0.224 0.220 0.201 7.651 7.849 3.026 1.560 1.598 3.196 0.064 0.066 0.087
200 (Th1) 0.128 0.140 0.110 0.269 0.252 0.168 8.603 8.208 5.323 1.421 1.628 1.957 0.062 0.069 0.067
SEM 0.003 0.003 0.002 0.008 0.017 0.004 0.185 0.193 0.199 0.006 0.007 0.009 0.001 0.001 0.001
LSD (P £0.05) 0.008 0.009 0.006 0.023 0.051 0.012 0.543 0.565 0.584 0.017 0.019 0.025 0.002 0.002 0.002

SC, Standing crop; AH, after harvest; AY, one year after harvest.

Since the value of b is very small compared to a (eq. (5)),
primarily a governs the rate (d¥/dC). The samples can be
arranged as AH > SC > AY on the basis of the value of a.
The change in EC per kg of NaCl was more when applied
twice, and enough time was not available for rain to wash
away the common salt from the soil. Actually, the rice-
growing period falls during the peak rainfall period (both
pre-monsoon and monsoon) of the region, which does not
allow the salt to become available on the soil surface for
longer periods'?. pH showed no clear trend, however, the
average value in AH (4.5), SC (4.17) and AY (4.31) sam-
ples indicated that the soil regained its initial acidity
(Figure 2 ¢). Release of organic acids in the rhizosphere
and loss of basic cations by plant uptake, soil erosion and
leaching were the potential reasons for such acidity
retrieval.
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The application of NaCl significantly increased Na
levels in the soil from 0.018 to 0.140 meq Na 100 g
(Table 4). The Na concentration (0.061-0.064 meq 100 g ')
in weedy check (7)) was statistically similar to that
(0.058 meq 100 g™") in control (7,) in the SC and AH
samples. In all NaCl-treated plots, Na concentration
increased in AH (0.088—0.140 meq 100 g™'), which again
decreased in AY (0.018-0.110 meq 100 g '), even lesser
than its content in SC (0.079—0.128 meq 100 g '). Similar
findings were reported by Tozer ef al.'* in New Zealand.
On the contrary, weedy check (7;) recorded the largest K
content in samples collected during SC (0.390 meq
100 g') and AH (0.373 meq 100 g') phase. However,
application of 20 kg NaCl ha™' (73) recorded the highest
amount of K (0.290 meq 100 g™') in the AY samples (Table
4). Unlike the Na content in treated soils, K content
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showed no definite trend. The amount of Ca + Mg ranged
from 5.736 to 8.603 meq 100 g in the SC samples,
5.827 to 8.208 meq 100 g™ in the AH samples and 3.026
to 8.025meq 100 g ' in the AY samples (Table 4). The
ESP was much less in control (7, 0.095-0.953 meq
100 g') and weedy check (7}, 0.190-0.982 meq 100 g™')
than in the NaCl-treated samples (Table 4). Likewise,
SAR increased by the application of NaCl in all stages of
salt application. However, control (7, 0.003 meq 100 g™'),
weedy check (7}, 0.008 meq 100 g ') and application of
NaCl @ 20 kg ha™ (75, 0.009 meq 100 g') and 40 kg ha™'
(T, 0.009meq 100g"') showed statistically similar
effects in the AY samples. This indicates that the applica-
tion of NaCl up to 40 kg ha™' (73) would not affect a SAR
in the long run. The relationship between ESP and SAR
can be derived as follows (Figure 3)

ESP = 0.038 SAR — 0.000 (R = 0.892), (6)
ESP = 0.040 SAR — 0.001 (R> = 0.931), (7)
ESP = 0.028 SAR + 0.006 (R> = 0.956). (8)
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Figure 2. Effect of NaCl application on (a, b) electrical conductivity

(EC) and (¢) pH of the soil.
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The samples applied with no or low concentration of
NaCl (up to 40 kg ha™') had less ESP and SAR compared
to higher rate of application (60 kg ha™) as observed in
the AY samples. Although all the regression equations
showed a linear type (Y=mX=xc) of relationship
between ESR and SAR, the constant m and ¢ were of dif-
ferent magnitude. Analyses of the variance of these three
temporal data showed that they represented three differ-
ent populations. Since the means of ESP and SAR of
these three samples were statistically different (Table 4),
the regression equations for ESP and SAR in different
stages of sampling were also statistically different. Pro-
portionality coefficients (m) for the relationship between
ESP and SAR could be compared to the exchange con-
stant of the Gapon equation. Since the proportionality
coefficient for the first two equations is almost close
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Table 5. Yield and economics of NaCl application in upland rice under shifting cultivation
Grain yield Straw yield Gross return Net return Benefit:
Treatment (tha™) (tha™) (x 10° INR ha™) (x 10> INR ha™')  cost ratio
Control (7o) 1.51 2.02 33.28 17.73 1.14
Weedy check (77) 2.16 3.03 48.02 27.47 1.34
NaCl application (kg/ha)
20 (T») 1.63 2.31 36.32 19.22 1.12
40 (75) 1.70 2.55 38.25 20.85 1.20
60 (Ty) 1.80 2.67 40.40 22.70 1.28
80 (75) 1.90 2.68 4224 24.24 1.35
100 (T%) 2.00 2.86 44.57 26.27 1.44
120 (T%) 1.98 2.61 43.46 24.86 1.34
140 (Ts) 1.91 2.20 40.96 22.06 1.17
160 (Ty) 1.86 2.17 39.93 20.73 1.08
180 (T1o) 1.83 2.10 39.19 19.69 1.01
200 (T11) 1.80 2.03 38.50 18.70 0.94
SEM 0.05 0.08 1.13 0.63 0.03
LSD (P £0.05) 0.15 0.22 3.32 1.83 0.10

Price of rice grain = INR 18,000 t™'. Price of straw = INR 3000 t™'.

(0.038 and 0.040), but lesser in AY samples (0.028), a
unit increase in SAR would result in an increase in ESR
at a lesser rate compared to first two cases. This differ-
ence in the proportionality coefficients is due to the
build-up of organic matter as induced by leftover crop
residues (Table 3). Due to its preferential adsorption of
divalent cations, an increase in organic matter would
decrease the proportionality coefficient for Na with
respect to Ca and Mg. Moreover, the loss of clay of sur-
face soil due to shifting cultivation (average clay content
being 48.4% in SC samples and 42.4% in AH samples)
resulted in the exposure of coarser soil underneath. The
lesser clay content (40.4%) in the AY samples resulted in
considerable reduction in Na adsorption.

Effect on yield and economics of upland rice

The weedy check and NaCl-applied treatments realized
429 (1)), 7.9 (Ty), 12.4 (T3), 19.0 (Ty), 25.6 (Ts), 32.2
(Ts), 30.9 (Ty), 26.2 (Ty), 22.7 (Ts), 20.8 (T}) and 19.0%
(T1,) increment in grain yield over control (7y; Table 5).
Weedy check (7)), followed by application of 100 kg
NaCl ha™' (7s) produced the highest grain and straw yield
over control (7y, Table 5). However, the mean grain yield
in 100-160 kg ha™' NaCl-applied treatments (7s—T5) was
statistically at par. The increase in yield could be attrib-
uted to the increase in the number of tillers and dry mat-
ter along with a decrease in chaffy grains in weed-
controlled plots. Actually, broadleaved weed species are
highly sensitive to salinity. These species can be con-
trolled by NaCl application®’. In Odisha, this practice has
shown 60% effectiveness in controlling weeds®®. Another
reason could be salt tolerance of rice, since it mobilizes
its food reserves (polysaccharides) into the growing
regions to exert tolerance against salt application. Once
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the polysaccharides are mobilized, they are converted
into monomers, i.e. sucrose, fructose and glucose that are
readily transportable to the sites where they are required
for growth. Actually, these soluble monomers could regu-
late the osmotic pressure of the cells®. Application of
NaCl recorded an increase in yield, but the trend followed
the law of diminishing returns. The yield increased to its
largest value at T and thereafter decreased in all other
treatments (77 — 71;). A similar study showed that, appli-
cation of NaCl up to the rate of 150 kg ha' recorded
more yield'®. In another experiment’, application of
150 kg ha' NaCl recorded better performance of growth
characters and yield than 50 and 100 kg ha™' NaCl. In the
present study, application of NaCl @ 100-160 kg ha™
produced statistically similar grain yield of rice.

Economic analyses were conducted to check the best
among the statistically similar treatments in terms of
yield. Gross return, net return and (B : C) ratio were also
significantly influenced by the increase in unit level of
application of NaCl up to 100 kg ha™' (75), but decreased
thereafter (Table 5). Weedy check (77) followed by appli-
cation of 100 kg NaCl ha™' (7y) recorded the highest
gross return (INR 48.02 and 44.57 x 10°ha™") and net
return (INR 27.47 and 26.27 ha™'), which was 44.3, 33.9%
and 54.9, 48.2% higher than no NaCl application (7p),
respectively. Application of NaCl @ 100 kg ha™' (T%) re-
corded the highest B : C ratio (1.44), which indicated that
it is one of the best weed management strategies for mak-
ing higher profit. The gross and net returns were higher in
weedy check (77). However, this treatment incurred
higher cost of cultivation and was associated with poor
B : C ratio due to increase in labour cost. A similar study
revealed that between the level and time of application,
NaCl @ 150 kg ha™' applied at 30 DAS recorded the larg-
est B: C ratio’.
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Table 6. Sodium, potassium, calcium + magnesium, ESP and SAR status after different rates of NaCl application
during verification trial
Na K Ca + Mg SAR

Treatment (meq 100 g') (meq100g")  (meq100g™) ESP (%) (cmol kg ™)™
Control (7p) 0.055 0.248 6.897 0.761 0.030
Weedy check (7) 0.061 0.327 6.012 0.951 0.035
NaCl application (kg/ha)

20 (T») 0.070 0.232 6.698 1.000 0.038

40 (T5) 0.082 0.259 5.659 1.370 0.049

60 (T4) 0.082 0.156 5.955 1.327 0.048

80 (Ts) 0.082 0.266 8.252 0.958 0.041

100 (75) 0.097 0.208 7.694 1.219 0.050

120 (T%) 0.106 0.151 8.144 1.256 0.052

140 (Ts) 0.122 0.221 6.250 1.846 0.069

160 (7o) 0.137 0.168 6.695 1.956 0.075

180 (T1o) 0.186 0.212 7.602 2.321 0.095

200 (T11) 0.187 0.246 8.567 2.080 0.090

SEM 0.003 0.006 0.198 0.002 0.001

LSD (P <0.05) 0.009 0.017 0.582 0.005 0.002

Verification trial

Table 6 shows the sodium, potassium, calcium +
magnesium, ESP and SAR status after different rates of
NaCl application in the samples after harvest during veri-
fication trial. Application of NaCl significantly increased
Na levels in the soil from 0.070 to 0.187 meq 100 g'. Na
concentration in control (7, 0.055meq 100g"') and
weedy check (7}, 0.061 meq 100 g ') was lesser than in
the treated plots. Unlike the Na content in treated soils, K
content showed no definite trend. The amount of Ca +
Mg ranged from 6.659 to 8.567 meq 100 g'. The ESP
was less in control and weedy check than in NaCl-treated
samples. Likewise, SAR increased with the application of
NaCl. The ESP and SAR increased slightly at 18-20%
NaCl compared to the effect in the first year. Hence care
must be taken in repeated application of NaCl at higher
doses to avoid harmful effects in the long run.

Conclusion

Shifting cultivation is practiced as a combination of 1-2
years of cropping and 8-9 years of fallow period in a
10-year cycle across this region, because the productivity
of the crops reduces after one year (as grown without
fertilization). From the present study, the following
conclusions may be drawn: (i) Application of NaCl does
not exert much influence on pH, SOC and available NPK,
i.e. on soil fertility parameters, but EC is increased for a
short period. (ii) Application of common salt does not
show any harmful effect on the yield of rice under
acid soil condition of Nagaland. The yield of rice
reaches a maximum with the application of 100 kg
NaCl ha™' (10%). Among the treated plots, weedy check
has the highest net profitability, but this treatment has
practical difficulties because of the steep slope and low
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B : C ratio. (iii) Considering the B : C ratio and ease in the
method of application, 100 kg NaCl ha™' may be recom-
mended for controlling weeds in upland rice for this
region.

1. Chatterjee, D., Impact of jhum cultivation on soil and environ-
ment: strategic way out. In Resilient Shifting Cultivation: Chal-
lenges and Opportunities (eds Deka, B. C. et al.), ICAR Research
Complex for NEH Region, Umiam, 2012, pp. 27-34.

2. Rathore, S. S., Krose, N., Naro, M., Shekhawat, K. and Bhatt, B.
P., Weed management through salt application: an indigenous
method for shifting cultivation areas, Eastern Himalaya, India.
Indian J. Tradit. Know., 2012, 11, 354-357.

3. Debbarma, K. and Singh, M. K., Effect of time and doses of com-
mon salt and 2,4-D application on weed growth and yield of up-
land direct seeded rainfed rice. Indian J. Weed Sci., 2007, 39,
241-242.

4. Hazarika, U. K., Singh, R. and Singh, N. P., Ecological distribu-
tion of weed flora in Meghalaya: their intensity of occurrence in
field crops and management. Technical bulletin, Division of
Agronomy, ICAR Research Complex for NEH Region, Umiam,
2001, pp. 1-3.

5. Kolhe, S. S., Weed management in direct seeded upland rice. Ph D
thesis submitted to IIT Kharagpur, 1989, pp. 1-271.

6. Moody, K., Weed management in rice. In Weed Management in
Developing Countries (eds Labrada, R., Casely, J. C. and Parker,
C.), FAO Plant Production and Protection Paper-120, Plant Protec-
tion and Production Division, Food and Agriculture Organization,
Rome, 1994, pp. 249-256.

7. Tester, M. and Davenport, R. J., Na" tolerance and Na" transport
in higher plants. Ann. Bot., 2003, 91, 503-527.

8. Yeo, A. R., Flowers, S. A., Rao, G., Welfare, K., Senanayake, N.
and Flowers, T. J., Silicon reduces sodium uptake in rice (Oryza
sativa L.) in saline conditions and this is accounted for by a reduc-
tion in the transpirational bypass flow. Plant Cell Environ., 1999,
22, 559-565; doi: 10.1046/j.1365-3040.1999.00418.x

9. McCullough, P. E. and Raymer, P. L., Sodium chloride efficacy
for smooth crabgrass (Digitaria ischaemum) control and safety to
common bermudagrass and seashore paspalum. Weed Technol.,
2011, 25, 688—693.

10. Brosnan, J. T., DeFrank, J., Woods, M. S. and Breeden, G. K.,
Efficacy of sodium chloride applications for control of goosegrass

CURRENT SCIENCE, VOL. 110, NO. 8, 25 APRIL 2016



RESEARCH ARTICLES

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(Eleusine indica) in seashore paspalum turf. Weed Technol., 2009,
23, 179-183.

Brosnan, J. T., DeFrank, J., Woods, M. S. and Breeden, G. K.,
Sodium chloride salt application provides effective control of sour
grass (Paspalum conjugatum) in seashore paspalum turf. Weed
Technol., 2009, 23, 251-256.

Tozer, K. N., Marshalla, A. J., Cameronb, C. A. and Edwards, G.
R., Salt (NaCl) application as a tool to reduce the annual grass
weed, ripgut brome, in New Zealand South Island hill/high coun-
try pastures. N.Z. J. Agric. Res., 2013, 56, 117-129; doi:
10.1080/00288233.2013.774287.

Uddin, M. K., Juraimi, A. S., Ismail, M. R., Othman, R. and
Rahim, A. A., Efficacy of sea water application for broadleaf
weed control in seashore paspalum. J. Food, Agric. Environ.,
2013, 11, 836-840.

Nuertey, B. N., Tetteh, F. M., Opoku, A., Afari, A. P. and Asa-
moah, T. E. O., Effect of roundup-salt mixtures on weed control
and soil microbial biomass under oil palm. J Ghana Sci. Assoc.,
2007, 9, 61-75.

Singh, C. M., Angiras, M. M. and Kumar, S., Weed Management,
M.D. Publications Pvt Ltd, New Delhi, 1996, pp. 1-152.

Tabin, D. and Singh, M. K., Effect of common salt and 2,4-D Na
salt application on weed growth and yield of upland direct seeded
rice. Oryza, 2008, 45, 296-299.

Bouyoucos, G. J., A recalibration of the hydrometer method for
making mechanical analysis of soils. Agron. J., 1951, 43, 434—
438; doi: 10.2134/agronj1951.00021962004300090005x
Subba-Rao, A. and Sami-Reddy, K., Analysis of soils for pH, EC
and available major nutrients, pp. 21-59. In Methods of Analysis
of Soils, Plants, Waters, Fertilisers and Organic Manures (ed. Tan-
don, H. L. S.), Fertiliser Development and Consultation Organisa-
tion, New Delhi, India, 2009, 2nd edn, pp. 1-204.

Sumner, M. E. and Miller, W. P., Cation exchange capacity and
exchange coefficients. In Methods of Soil Analysis (Part 3),
Chemical Methods (ed. Sparks, D. L.), Soil Science Society of
America and American Society of Agronomy, Madison, WI, 1996,
3rd edn, pp. 1201-1229.

Quirk, J. P., The significance of the threshold and turbidity con-
centrations in relation to sodicity and microstructure. Aust. J. Soil
Res., 2001, 39, 1185-1217.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ACKNOWLEDGEMENTS.

Soil Survey Staff, Soil survey laboratory methods manual. Soil
Survey Investigations Report 42, Version 3.0, Natural Resource
Conservation Service, United States Department of Agriculture,
United States Government Printing Office, Washington DC, 1996.
Panse, V. G. and Sukhatme, P. V., Statistical Methods for Agricul-
tural Workers, Indian Council of Agricultural Research, New Del-
hi, 1985, 2nd edn.

Yoo, K., Amundson, R., Heimsath, A. M. and Dietrich, W. E.,
Erosion of upland hill slope soil organic carbon: coupling field
measurements with a sediment transport model. Global Biogeochem.
Cycles, 19, GB3003, 2005, p. 17; doi: 10.1029/2004GB002271.
Arunachalam, A., Dynamics of soil nutrients and microbial bio-
mass during first year cropping in an 8-year jhum cycle. Nutr.
Cycl. Agroecosyst.,2002, 64, 283-291.

Paul, M. and Paul, P. P., Beneficial effects of shifting cultivation
(jhum). Curr. Sci., 2009, 96, 10.

Wong, V. N. L., Greene, R. S. B., Murphy, B. W., Dalal, R.,
Mann, S. and Farquhar, G. D., The effects of salinity and sodicity
on soil organic carbon stocks and fluxes: an overview. In Regolith
2006: Consolidation and Dispersion of Ideas (eds Fitzpatrick, R.
W. and Shand, P.), CRC LEME, Australia, 2006, pp. 367-371.
Wiecko, G., Ocean water as a substitute for post emergence herbi-
cides in tropical turf. Weed Technol., 2003, 17, 788-791.
Muthuraman, P., Meera, S. N., Latha, P. C., Nirmala, B., Sain, M.
and Viraktamath, B. C., Indigenous technical knowledge in rice
cultivation. Technical Bulletin No. 44, Directorate of Rice
Research (ICAR), Hyderabad, 2009, pp. 1-49.

Bewley, J. D. and Black, M., Seeds: Physiology of Development
and Germination, Plenum Press, New York, 1994, 2nd edn, pp.
1-445.

We thank Dr Dibyendu Sarkar, (ICAR

Research Complex for NEH Region, Manipur Centre), for editing the
manuscript.

Received 26 November 2015; accepted 11 December 2015

doi: 10.18520/cs/v110/i8/1459-1467

CURRENT SCIENCE, VOL. 110, NO. 8, 25 APRIL 2016

1467



