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ABSTRACT

Intensive jhum cultivation is the biggest eco]ogica] threat due to its associated prob]ems such as
biodiversity loss, deforestation, soil erosion and the gradua] reduction of land productivity in
Mizoram. The intrinsic practice of jhum cultivation still dominated the farming system in Mizoram
to a large margin. Four levels of nitrogen, phosphorus and potassium soil fertilizer application in
local maize variety was conducted in 2 years, 3 years and 5 years jhum cyc]es. Strong signiﬁcant
(P<0.05) response to fertilizer app]ication occurred in the growth and yie]d performance of maize.
Different period of jhum cycles also had significant (P<0.05) effect in growth and yield with high-
est productivity in Iongest jhum cyc]e. Taking account of the poor soil nutrient content and the
acidic soil in Mizoram, app]ication of urea at lower rate under ]onger jhum cyc]e may be adopted.

Key words: Fertilizer; grain yie]d; jhum cyc]e; nitrogen; phosphorus; potassium; Zea mays.

INTRODUCTION

Jhum cultivation, in which natural vegetation
is cut down and burnt for use as non-permanent
agricultural land, has been a common agricul-
tural practice for many rural populations
throughout the tropics.' It is the most traditional
and dominant land use system in the hilly re-
gions of northeastern India. Shifting cultivation
in its more traditional and cultural integrated
form is an ecological and economically viable
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system agriculture as long as population densi-
ties are low and jhum cycles are long enough to
maintain soil fertility.> The intervening period
for which a jhum land is abandoned is known as
Jhum cycle.?

In the past 25 years, the common jhum cycle
in Mizoram was 4-6 years cycles,* but currently
the jhum cycles ranged mostly from 2-5 years as
a result of the drastic reduction of land availabil-
ity for agriculture. This is mainly due to popula-
tion pressure and the continual practice of jhum
cultivation which resulted in the conversion of
fertile land into unsustainable marginal lands.’

In Mizoram, maize (Zea mays L.) is the sec-
ond most important cereal crop next to rice in
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jhum areas and where it is grown predominantly
during summer as a kharif crop.® At present, the
maize production only met the requirement for
human consumption and the booming poultry
farming has intensified the demand for maize as
poultry feed.

The present investigation was undertaken to
study the effect of fertilizers on growth and yield
of the most productive local maize variety called
‘mimpui’ under different jhum cycles aiming the
optimization of the balance between jhum cycle
and fertilizer application.

MATERIALS AND METHODS
Experimental site

The experiment was conducted at Edenthar
area (Fig 1) which is at the outskirt of Aizawl,
the capital city of Mizoram state. The altitude is
about 943 above msl with geographical coordi-
nates of 23.754149° N and 92.714610°E. The hill
slopes have the soil orders of ultisols with sandy
clay loam texture. The average annual rainfall in
this area is 2150 cm.

Prior to land preparation, soil samples from 0
to 20 cm depth were collected from each jhum
cycles and air dried. For soil texture analysis,
soil sample was mixed with 50ml water and

shaken vigorously in a graduated cylinder. The
suspended soil was allowed to settle overnight.
The soil texture was analyzed from its volumet-
ric content of sand, silt and clay. Soil pH was
determined using pH meter by taking soil and
water in the ratio of 1:1, Organic carbon (OC)
was determined by Walkey Black wet oxidation
method’, total nitrogen was determined using
CHNS/O analyzer (Euro Vector, Model: Eu-
roEA3000), available phosphorus (P,Os) by Bray
P2 method,? and available potassium (K,0) by
Jackson (1973),° before land preparation for the
experiment. The three jhum plots were slashed
and burnt before the experiment as in Table 1.

Experimental design and treatment

Three jhum cycle sites viz. 2 years jhum cycle
(2JC), 3 years jhum cycle (3JC) and 5 years
jhum cycle (5JC) were selected which located
adjacent to each other within an area of 2 acres
to rule out the difference in environmental pa-
rameters. Four levels of nitrogen (N), phospho-
rus (P) and potassium (K) fertilizer doses were
applied as shown in Table 2.

Seeds of mimpui variety of maize were pur-
chased from Department of Agriculture, Gov-
ernment of Mizoram, Aizawl. The experimental
layout was randomized block design (RBD) with

Figure 1. The experimental site at Edenthar showing site location and fertilizer application plots under difference
jhum cycles.
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Table 1. Properties of top soil of 2JC, 3JC and 5JC before land preparation.

Jhum cycles pH ocC P,0;s K-O Total N Soil texture
(%) (kg/ha) (kg/ha) (%)
2JC 6.15 1.38 7.56 120 0.26 Sandy clay loam
3JC 6.18 1.67 9.32 145 0.32 Sandy clay loam
5JC 6.24 3.11 11.33 180 047 Sandy clay loam
Table 2. Table showing four fertilizer plots with their Yield parameters

respective rates of nitrogen (N), phosphorus (P) and
potassium (K) application.

Treatment Nitrogen Phosphorus Potassium
(N) kg/ha  (P) kg/ha  (K) kg/ha

To 0 0 0

T1 80 40 20

T2 100 50 30

T3 120 60 40

three replications. Each treatment plot was 4 x 3
m containing 80 plants at the spacing of 75 x 20
cm (66,666 plants/hectare) and two adjacent
plots were separated by 1m buffer zone. Sowing
of seeds was done on 24™ March, 2010. Applica-
tion of nitrogen, phosphorus and potassium in
the form of urea, single superphosphate (SSP)
and murate of potash (MOP) respectively was
carried at split doses with the first application as
broadcasting during soil tilling before sowing
and the second dose at 30 days after sowing
(DAS) as basal treatment.

Growth parameters

Measurement of height (in cm) using measur-
ing tape and counting of leaves were conducted
at 15, 30, 45 and 60 DAS. Plant biomass was
determined at the time of harvest. Plant above-
ground biomass of all the above ground parts
except the grain were oven dried at 70°C until it
reached constant weight and then the dry weight
was recorded using digital weighing balance.

Number of cob, length of cob (cm), number
of kernel row per cob, number of kernels per row
and test weight were recorded after maturity
harvest. Grain yield was extrapolated from
yield of the sampled area. Test weight was meas-
ured by taking the oven dry weight of randomly
selected 1000 kernels. Harvest index was calcu-
lated as kernel dry weight divided by above-
ground dry weight of the plant.

Statistical analysis

Data obtained from all the observations was
analyzed using Sigma Stat 4.0 and Microsoft
Excel.

RESULTS AND DISCUSSION
Soil properties

Soil properties of the three jhum sites sam-
pled before the land preparation for the experi-
ment (Table 2) showed soil pH ranging from
6.15 in 2 years jhum to 6.24 in 5 years jhum.
Similar trend with lowest values in 2 years jhum
and highest 5 years jhum was also observed in
other soil parameters ranging from 1.38 to 3.11
kg/ha in soil OC content, 7.56 to 11.33 kg/ha in
available phosphate, 120 to 180 kg/ha in avail-
able potassium and 0.26 to 0.4 % in total nitro-
gen content (Table 2). Although slightly higher
value in pH and higher content of OC, available
phosphate, available potash and total nitrogen
content occurred in longer jhum periods, all the
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soil in the three jhum cycles represent poor nu-
trient content for annual crop plantation.

Growth parameters

The measurement of plant height at 15, 30,
45 and 60 DAS showed significant variations
among the fertilizer plots in all the three jhum
cycles (Table 3). At the initial stage of growth
observed at 15 DAS, there were less significant
variations among the fertilizer plots as well as
among the three jhum cycles. As the growth pro-
gressed, the increased in the range of plant
height between the 70 plots and the 73 plots
indicated the strong influence of fertilizer input.
Vigorous growth occurred between 30 to 60
DAS and the maximum range between control
plot and 73 plot was recorded at 45 DAS. At 60
DAS the plant height between 70 and 73 plots
ranged from 165.50£1.27 cm to 181.36%£2.81 cm
in 2JC, 172.63%+0.34 c¢cm to 212.70+0.75 cm in
3JC and 185.33%£5.88 cm to 217.80%1.76 which
accounted for 9.6%, 14.7% and 17.5% increase
from their respective control plots.

Among the jhum cycles, the comparison of
plots having the same level of fertilizer applica-
tion showed lowest value in 2JC and highest
value in 5JC (Table 3). Highest variation in each
fertilizer plots occurred at the 45 DAS measure-
ment. At 60 DAS, the range between the mini-
mum value in 2JC and the maximum value in
5JC accounted for 11.98% in 70, 8.41% in T1,
32.33% in T2 and 20.09% in 73.

Similar to plant height, the number of leaves
per plant also showed less significant variations
among the fertilizer plots as well as the jhum
cycles. Higher level of significance in number
leaves per plant occurred at the 45 and 60 DAS
measurements. Lower leaf production coincided
with the lower level of fertilizer input and high-
est leaf production in highest level of fertilizer
application.

Fertilizer application induced highly signifi-
cant increase in aboveground biomass produc-
tion showing similar trend with height and num-
ber of leaves (Table 3). The increase in above-
ground biomass production from the minimum
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values in control plots to 73 plots accounted for
27.76% in 2JC, 25.19% in 3JC and 24.00% in
5JC.

Significant response to the difference jhum
cycles was observed with lowest aboveground
biomass production in the most frequent jhum
cycle of 2JC and highest production in the long-
est jhum cycle of 5JC. The aboveground bio-
mass production in each of the fertilizer plots of
2JC was more comparable to their correspond-
ing plots in 3JC than 5JC. The increase in
aboveground biomass production from 2JC to
5JC was 14.52%, 17.25%, 18.70% and 11.15%
in 70, T1, T2 and T3 plots respectively (Fig. 2).

Figure 2. Maize plant of different fertilizer plots of 5JC
at 30 DAS.

Yield parameters

Number of cobs per plant was counted and
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Table 3. Growth performance of maize plant under different levels of soil NPK fertilizer application in 2JC, 3JC and
5JC. Mean * SE.

Parameter Jhum cycle To T T2 T3 P <0.05 LSD (P<0.05)
Height 2) 1387:026  14.56£023 1543014  15.70%0.17 0.70
15DAS 3) 14331041 15208020 1563008  16.00%0.15 * 0.86

fem 5) 1496+0.17  16.50£055  16.26£023  16.36024 * 130
ns * * Ns
130 0.63
Height 2) 4073t401 5033072 5836058  68.63+2.09 9.60
30 DAS 3) 67.90£195  5866+179  64.16%304  72.20+1.38 = 8.03
(cm 5) 62761203  7543:253  8156:108  8830%1.17 6.13
14.86 8.33 17.40 16.13
Height 2) 6383162  8126%404 99931500  149.53%3.10 17483
45 DAS 3) 87.93t573 13873027 14970126 170.96:2.94 10.96
tem 5) 117£099  12880+1.04 16750189  196.60£6.31 11.03
2141 57.46 17.80 2143
Height 2) 165.50£127  170.97£066  157.80+130  181.36:2.81 7.70
6‘(’2;’)*5 3) 172638034 17c37.099 185638264 22270075 = 12.30
5) 18533588 184.36:480 208.83:274 217.80:1.76 23.50
12.70 13.40 23.20 16.56
No. of leaves 2) 483:003  523:003  530£006  567+009 036
15DAS 3) 5171007  550%015  543%003  597+0.07 = 033
5) 510:006 563008  556+003 593035 ns
* NS * ns
026 020
No. of leaves 2) 883t003  843t008 833003  873:004 = 030
30 DAS 3) 820£050  932£061 961049  9.20+006 030
5) 840£030 907012 9704005  10.21+0.06 0.63
- -
0.63 126 046
No. of leaves 2) 997009 1027015 1107009  11.73%0.09 0.66
45 DAS 3) 10.10£0.06 1053015  12.30:t0.06  12.46:008 = 043
5) 1190006  11.94£005  12.23£009  13.33%0.23 106
1.80 136 116 0.73
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No. of leaves 2) 1183£009  1230:006  12.16:008  12.47+0.09 = 0.30
60 DAS 3) 12373009  1223:003  1283:007  13.50£0.06 o 0.46
5) 1257£003  1287:0.12  1350:0.12  13.80+0.06 0.32
0.53 0.56 0.66 0.30
Biomass at 2) 25248t208 25947:586 273.55:106  334.99:6.06 *
havrv"tes(f(g)ry' 3) 27621£054 28059:158 297.01:422 34869226 ns
5) 35381690 32347:199 30032275 28533460 ns

ns

ns

ns

ns

ns = non significant value; * = <0.05; **= <0.01; *** = <0.001; LSD = Least significant difference of mean.

Table 4. Yield parameters under different levels of NPK fertilizer application in 2JC, 3JC and 5JC. Mean * SE.

Parameter  Jhum cycle To T1 T2 T3 P<0.05 LSD (P<0.05)
Length of Cob 2) 1743+023 18574022  19.47+0.03 19.7+0.31 * 1.23
(cm) 3) 18.70+025  19.93+0.15  20.07+0.15  20.60+0.12 1.13
5) 20.63+0.18  21.07:030  2120£0.15  21.93+0.30 * 08
LSD 1.26 1.13 0.6 09
Kernel's row 2) 12.07£0.15  12.60£0.17  12.77+0.09  13.17£0.15 = 0.567
per cob 3) 12.93+0.18  1333:0.12  13.53x0.09  13.80+0.06 o 0.40
5) 13.60£0.12  13.90£0.06  13.97+0.12  14.03%0.12 ns
- - NS
LSD 0.66 0.56 043 0.63
Kernels per 2) 2487+120  27.53:143  28.90+0.06  30.50+0.89 * 403
row 3) 27.90+0.38  28.93:072  29.67£047  31.73:1.16 * 2.80
5) 3357+0.34  34.10:046  3540%055  35.50:0.21 o 1.40
3.03 5.16 573 376
Kernels 2) 301.56£17.93 3429742516 360.29+2.06  397+11.58 * 54.02
Pebr 3) 367.13:8939  394.12+339 401.69+13.17 493.12+18.25 * 44.99
© 5) 4454541224 482.05+1130 494.40+10.65 496.95+4.89 * 36.59
LSD 65.57 87.92 41.40 57.83
Grain yield 2) 6198.9+4410 6953.0£3595 7330.2+296.5 8157.6+354.4 * 1204.59
(ka) 3) 7538.94224.1 7935.7+1555 8477.4+835 9071.8+164.2 541.70
5) 9058.0+84.4  9337.7+415 9689.0+217.7 9795.6+185.2 * 631.03
LSD 1339.09 982.71 1147.19 914.26
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Test weight 2) 304.36+£6.25 305.07+7.76 305.07+10.58 308.00+5.08 ns
(kg) 3J 305.14+5.83  302.13£7.76  312.20£1.94  309.89+0.89 ns
5J 315.28+5.85 305.47+4.63 30848482 308.25+8.77 ns

ns ns ns ns
Harvest Index 2) 0.37+0.02 0.40+0.02 0.41£0.02 0.36+0.02 ns
3J 0.39+0.02 0.44+0.02 0.40+0.01 0.41+0.01 ns
5) 0.43+0.02 0.46+0.00 0.49+0.01 0.48+0.01 ns

ns ns ns ns

ns = non significant value; * = <0.05; **= <0.01; *** = <0.001; LSD = Least significant difference of mean.

all the plants irrespective of difference levels of
fertilizer application and jhum cycles produce
only one harvestable cob, and the second cob, if
produced, was under-developed and had no
commercial value. So, only the first cob was
considered in the yield parameters.

The length of cobs measured after harvest
showed significant difference among the fertil-
izer plots in each jhum cycle (Table 4). Similar
trend with shortest length of cob in 70 plots and
highest length in high fertilizer plots (72 & T3)
was observed in all the three jhum cycles. The
highest range in length of cob from 17.43+0.23
cm in (70) to 19.70£0.31cm (73) occurred in
2JC, and 5JC showed lowest ranged of
20.63+0.18 cm (70) to 21.93%20.30 cm (73). Sig-
nificant difference of lowest value in 2JC and
highest value in 5JC was also observed in each
fertilizer plots among the three jhum cycles.

Number of kernel row per cob showed highly
significant variation among the fertilizer treat-
ment plots with lowest value in 70 plot and
highest value in 73 plot ranging from
12.07+0.15 to 13.17+0.15 in 2JC, 12.93+0.18 to
13.80£0.06 in 3JC and, 13.60+0.12 to
14.03+£0.12 in 5JC (Table 3). The comparison of
the number of kernel row per cob of each fertil-
izer plot among the three jhum cycles also
showed significant increase from 2JC to 5JC
except in 73 plots.

The average number of kernel per row also
showed similar trend of lowest number in con-
trol plots (70) and reaching maximum number
in plot with highest level of fertilizer application

(Table 4). Except 3JC, fertilizer application in-
duced significant effect on number of kernel per
row. The inter jhum comparison of each corre-
sponding fertilizer plot showed highly significant
variation in number of kernel per row.

The number of kernels per cob showed sig-
nificant difference among the fertilizer plots
which increases with the increase in fertilizer
application (Table 4). The difference between
the minimum and maximum values of kernels
per cob accounted for an increase in 31.65%,
19.60% and 11.56% from their minimum value
in 2JC, 3JC and 5JC respectively.

The dry grain yield extrapolated to a hectare
area showed highly significant difference among
the different fertilizer plots. 70 plots represented
lowest dry grain yield in all the three jhum cy-
cles and the maximum grain yield coincided
with maximum fertilizer input (73) (Table 4).
The increase from the minimum and maximum
yield ranged from 6198.90+441.05 kg/ha to
8157.60+354.49 kg/ha in 2JC, 7538+224.14 kg/
ha to 9071.87+164.22 kg/ha in 3JC and,
9058.04+84.41 kg/ha to 9795.66+185.29 kg/ha
in 5JC accounted for 31.59%, 20.34% and 8.14%
increase from their respective minimum values
in 2JC, 3JC and 5JC.

Highly significant difference occurred in the
grain yield among the different jhum cycles
(Table 4). Lowest grain yield occurred in 2JC
followed by 3JC and highest in 5JC. The maxi-
mum grain yield of 8157.60£354.49 kg/ha in
2JC was lower than the minimum yield of
9058.04+84.41 kg/ha in the control plot of 5JC.
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The difference in yield between 2JC and 5JC in
each fertilizer plot was 46.12%, 34.29%, 32.17%
and 20.08% in 70, T1, T2 and T3 respectively.

The comparison of test weight among the
fertilizer plots as well as each fertilizer plot of
different jhum cycles showed no significant
variations. Although comparatively higher value
of harvest index (HI) was observed in 5JC, there
were no statistically significant variations among
the fertilizer plots and among each plot of the
jhum cycles (Table 4).

From the result of the analysis of growth pa-
rameters and the yield parameters under differ-
ent level of fertilizer application and different
jhum cycles, it is evident that the soil NPK fertil-
izer input and the frequency of jhum cycle had
profound effect in growth performance as well
as in yield characteristics of the local ‘mimpui’
variety of maize in Mizoram. Similar observa-
tion of improvement of growth and yield by soil
fertilizer application was reported in Maize'®"
and that omission of P or K fertilizer reduce
maize yield by 17% and 19%." The less signifi-
cant variations in plant height and number of
leaves at the initial stage of growth may be at-
tributed to availability of nutrient in the germi-
nating seed and the low nutrient requirement for
the seedling growth which was met by the avail-
able soil nutrient even in the control plots.

The increase in length of cob with increasing
level of fertilizer application indicated that soil
nutrient availability is one of the crucial deter-
mining factors in yield parameters. The highest
ranged in length of cob in 2JC followed by 3JC
and 5JC indicated that the effect of fertilizer in-
put was highest in the most intensive jhum cycle
of 2JC.

The range in growth and yield parameters
between the control plots and the high fertilizer
application plots increasing from 5JC to 3JC and
highest in 2JC implies that in the most frequent
jhum cycle of 2JC, the low soil nutrient content
was a strong limiting factor for growth and yield
whereas the comparative lower range in 5JC
indicated the lesser effect of soil fertilizer amend-
ment in longer jhum cycle.

From this observation, it is obvious that un-
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der current practice of frequent jhum cycles,
poor soil nutrient content is a strong limiting
factor for the growth and yield of the mimpui
maize variety. This may probably be attributed
to NPK being part of the essential nutrients re-
quired for the promotion of vigorous above and
below ground growth which enhances plant bio-
mass production etc., thus leading to an efficient
absorption and translocation of water and nutri-
ents and, better interception of solar radiation
and assimilation of carbon dioxide by photosyn-
thetic tissues. Previous report stated the en-
hancement of N uptake by K application and
that the girth of maize which is a determinant
factor to withstand lodging against strong wind
was positively influenced by the availability of
soil K."

The non-significant variation in test weight
among fertilizer plots as well as among jhum
cycles indicated that the fertilizer application or
period of jhum cycles did not induce significant
increase in kernel weight. The non-significant
value of harvest index among fertilizer plots as
well as among the jhum cycles implies that the
biomass production corresponded with the grain
yield. The length of cob, kernel row per cob, and
kernels per row which eventually increased the
number of kernels per cob were the determinants
of grain yield rather than kernel weight under
fertilizer application and longer jhum cycles.

The minimum grain yield of 6198 kg/ha of
mimpui variety in this experiment is comparable
to the previously reported maximum grain yield
of 6300kg/ha under NPK treatment in dry sa-
vannah of Benin."' Other reports on productivity
of maize showed much lower yield of <5000kg/
ha in NPK treatment," <4000kg/ha in ultisols
soil of south eastern Nigeria,'® <2000 kg/ha un-
der shifting cultivation in Somotillo, Nicara-
gua."”

Maize is a nutrient demanding crop and due
to its high uptake rate of available nitrogen,
phosphorus and potassium from soil,"" fertilizer
application in the successive cropping season
may be prerequisite in similar jhum cycles to
supplement the nutrient removal of the previous
crop. Also due to the acidic condition of the soil,
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careful monitoring in application of acidic fertil-
izer like urea needed to be conducted to prevent
setting up of unfavourable soil condition such as
aluminium toxicity.'®

From this experiment, it is observed that the
mimpui is a high yielding variety that could be
promoted for commercial corn production. Con-
sidering the strong effect of NPK fertilizer in
grain yield and at the same time the delicate soil
condition under jhum cultivation, it is suggested
5 years jhum cycle with lower rate of fertilizer
application (80:40:20 NPK kg/ha) may be
adopted.
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