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Abstract

In a study to investigate different rates of nigngN) and potassium (K) application
on growth, yield and fiber quality of cotto®d@ssypium hirsutum L.), var. Ngwechi-9 and to
evaluate the nutrient interactions of N and K itt@o in Pyawbwe Township, Myanmar, two
experiments were conducted the first one in presoon season and the second one in post-
monsoon seasons (2015-2016). Four N fertilizersrébe 60, 120, and 180 kg N Hrand
three K fertilizer rates (0, 62.25, and 124.50 kghK®) were set as factor A and B,
respectively, using randomized complete block desigtwo-factor factorial arrangement
with three replications. In both seasons plant tteigield and yield components were the
highest at 180 kg N Ra Potassium fertilizer application of 124.50 kg K tproduced the
highest seed cotton yield and improved fiber quallthe interaction of N x K application
was observed in the number of bolls planboll weight plant' and yield. Maximum seed
cotton yields were obtained from the treatmentshioing of 180 kg N ha and 124.50 kg K
ha ' in both seasons. By the application of K fertilize 124.50 kg K ha, the fiber quality
parameters, such as fiber length, fiber strengtley fineness and maturity ratio were the best
in both seasons. This study suggested that apiplicaf K fertilizer at 124.50 kg K hain
combination with 180 kg N AAwas the best in seed cotton production and its fijpelity

for both seasons.
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1. Introduction

Cotton Gossypium hirsutum L.) is a major crop grown primarily for fiber anod seed
in the world (Oosterhuis 2001). Historically, cattplayed an important role in the national
economy of Myanmar and it was essential for locaistimption and export for foreign
exchange (Pye Tin 2003). In Myanmar, cotton isagran pre-monsoon, monsoon and post-
monsoon seasons.

Nitrogen (N) is an essential macronutrient thateiguired most consistently and in
larger amounts than other nutrients for higher azotproduction (Hou et al. 2007). N
promotes the growth of the cotton plants, incredlsesjield and optimizes the quality of the
cotton fiber (Bondada et al. 1996). Moreover, Niliegation had significant impacts on plant
growth, lint yields and fiber quality. Although N probably the most important nutrient used
on cotton, yet it is the most difficult to managechuse both deficiency and excess N may
affect cotton yield and quality (Cotton Producti@nide 1999).

Similarly, potassium (K) is also an important nesti in cotton production. K plays a
vital role in cotton growth and metabolism, althbug is not a constituent of any known
plant components (Read et al. 2006). It also playsignificant role in the maintenance of
osmotic potential and water uptake during fiberadegment, and its shortage will result in
poorer fiber quality and lowered yields (Oosterh@@01). Pye Tin (1995) stated that
although N is primary nutrient for increasing cattgield, it is necessary to add adequate
amount of other nutrients particularly phosphate aotash to activate a response of N.
Plants adequately supplied with K and other maa ricronutrients are more tolerant to
pests and diseases incidence than N nutrient @Rereenoud 1990).

Fiber is the primarily and economically importantoguct of the cotton crop.
Maintaining fiber quality is one of the great clealjjes to the farmers. Most mills now use
high-speed spinning equipment, which favors highelity fiber. Fiber properties of cotton
may be affected by temperature, humidity, soil muwes (Killi et al. 2005) and fertilizers
(Abid et al. 2007).

Impact of N and K fertilization on yield and yiebdmponents were well documented
in literatures but their combined effects on cottuitivation are poorly understood in
Myanmar. Moreover, little information has been népd how combined effect of N and K
fertilization would influence cotton growth, yielénd fiber quality. Therefore, this
experiment was carried out with the following olbjees:



1. to investigate the effects of different rates ofihd K fertilizers on the growth
and yield components of cotton;

2. to examine the effects of different rates of N &nfértilizers on the fiber quality
of cotton, and

3. to evaluate the interaction of N and K nutritionsaed cotton yield.

2. Materials and Methods
2.1 Site description

Two-season-continuous field study was conductedn fidarch to August (pre-
monsoon season) and from August to January (possoom season) in year 2015-2016 at
the Cotton Seed Farm (Pyawbwe), Pyawbwe Townshgmaddlay Region, Myanmar. It is
located between 20° 23' N and 20° 47' N, and betv@&8 96' E and 96° 6' E at 304 meters
above sea level.

Soil samples were taken as composite samples frath@n surface layer before the
experiment. The physicochemical properties of samples were analyzed at Soil and Water
Utilization Division, Department of Agricultural Rearch (DAR), Yezin, Nay Pyi Taw,
Myanmar. The soil analysis results are shown iplda. Meteorological data were collected

from Yamethin meteorological station which is lexhhear the experimental site (Figure 1).

Table .JPhysicochemical properties of the experimental Soi

Parameters Amount (rating)
Soil Texture Silt loam
Texture% (sand, silt, clay) 20.8,52.3,26.9
Soil pH 6.8 (neutral)
Available N (mg kg") 76 (medium)
Available P (mg k") 19 (medium)
Available K (mg kg% 343 (high)

Bulk density (g crit) 1.3

Cation Exchange capacity (CEC) cr(r.lplkg‘1 24 (medium)
Organic matter (%) 1.6 (low)

EC (dS m%) 0.14 (Non saline)
Exchangeable Ca cmglkg™ 12 (high)
Exchangeable Mg cmgjkg™ 9 (high)

SAR 0.58
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Figure 1. Monthly means rainfall, minimum and maximum temperature during the

experimental period (March 2015 — January 2016)

2.2 Experimental design

In each season, the field cultivation experimens \wad out as two-factor factorial
randomized complete block design (RCBD) with 3 iegtions. Ngwechi-9 cotton cultivar
was used as a test crop. Four different rates @id\ 0 kg N ha*, Ny = 60 kg N ha', N, =
120 kg N ha' and Ny= 180 kg N ha') were assigned as factor (A) and three differatets of
K (Ko= 0 kg K ha', Ky = 62.25 kg K ha'and K = 124.50 kg K h&) as factor (B). N and K
fertilizers were equally split into three timeskatsal, squaring stage (about 30 days after
emergence) and the first flowering stage (aboud&gs after emergence). All plots were
provided a basal rate of phosphorus (P) 26.4 kg'P(BO kg BOs). Source of N, P and K
were obtained from urea, triple super phosphatenaundate of potash, respectively.

2.3 Data collection and analysis

For both seasons, the spacing was 0.7% @75 mand the space between two plots
was 1.52 m. The net total experimental area was 8D nf. Each treatment plot was 6.82
5.3 nf and consisted of 7 rows of plants. Ten sampletphlaere randomly selected and used
to measure the growth characters, yield and yieldponents and fiber quality from each

treatment plot.



For growth characters, plant height (cm), numbenain-stem nodes plafif number
of monopodial branches plahtand number of sympodial branches plamtere collected.
Plant height and number of main-stem nodes werkeatetl at two weeks interval. Plant
height was taken as the distance between the taltoud and the cotyledon nodes. Number
of monopodial branches and sympodial branches eareted at harvest time.

Yield and yield components, such as number of sguatant',number of flowers
planf®, number of boll plant,boll weight (g), boll weight plant (g) and seed cotton yield
(kg ha®) were collected. Number of squares, flowers arlts beere collected as two weeks
interval. Boll weight (g), boll weight plarit(g) and seed cotton yield (kg Hpwere recorded
at harvest time.

Fiber quality parameters, such as fiber length (mriber strength (Ib md), fiber
fineness (micronaire), fiber maturity ratio and rgimg percentage were analyzed at Cotton
Fiber and Yarn Testing Laboratory, Meiktila TowrnshMyanmar. Ten open bolls were
picked to conduct quality tests for each treatmenboth seasons, and analyzed for fiber
quality.

Statistical analyses of the data were carried cabrding to randomized complete
block design. All the parameters were subjectednalysis of variance (ANOVA) and the
data were analyzed by using Statistix 8.0 softwdiee differences between means were

compared using the least significant differencelf).&st at 5% level.

3. Results and Discussion
3.1 Plant growth characters

In pre-monsoon seasons, there was highly signifidéference in plant height among
the different N treatment$€0.01) (Figure 2a).The plant height in all treatments increased
rapidly from 44 days after sowing (DAS) to 100 DASd high N application treatments gave
generally higher plant height than low N treatmeifitse tallest plant height (79.30 cm) was
obtained from Ntreatments and the shortest plant height (47.38 wasg) observed in N
treatments. Similarly, plant heights were signifita different among the different N
treatments for post-monsoon seas®x(.01) (Figure 2b). In post-monsoon season, the
highest plant height (75.83 cm) was found ig, fbllowed by N (65.75 cm) while the
shortest plant height (46.08 cm) was observedyirPhant height in pre-monsoon season was
generally higher than that of post-monsoon seasbrs finding was consistent with the
results reported by Soomro and Waring (1987) wipmnted that the significant difference

was observed in plant height with different levalsN application. It can be assumed that the

5



increase in plant height with increased N applaatnight be due to N fertilization primarily
enhanced greater vegetative growth. However, nafgignt different was observed among
K treatments for both seasons (Figure 2a and 2b)inkéraction effect between N and K
application was observed in both seasons.

There were highly significant differences in numinérsympodial branches plaht
among the different N treatments in both seasBr9.01) (Table 2). The sympodial branch
is one of the important parameters which directfgc the cotton yield and it is assumed in
many literatures as the fruiting branches. The désjhN application gave the largest
sympodial branches plaftin both seasons while the lowest number was obseiv N
treatments. Similar finding has been reported byaiBa et al. (2012). In both seasons,
number of sympodial branches pldnliffered significantly at various levels of appli&
(P<0.05), but the interaction between various levels ofaNd K application was not
significant (Table 2). For pre- and post-monsoassseas, the highest numbers of sympodial
branches plant were resulted in Ktreatments. The lowest number of sympodial brasiche
planf! was obtained from Ktreatments in both seasons. According to Aladaltal.
(2011) who observed that soil and foliar applicatod K had significant effect on number of
sympodial branches plant

In the case of monopodial branches, higher numbene observed in high N
application levels in both seasons and they wegmifssantly different among the N
treatments. However, in the K application treatragmtigher rates of K gave the lower
number of monopodial branches (Table 2) gdve significantly lowest monopodial branches
in pre-monsoon season. According to Alitabar et 24113, the number of monopodial
branches plantin a cotton plant depend on genotype as well asagement practices like as
the use of N fertilizerHowever, monopodial branches were found to prodbcee to nine
percent of the total yield production (Jenkins kt1®90). And it can be assumed that
increasing sympodial branches at the same time nedhcing monopodial branches may be

the most suitable practice with the control of M &hfertilizers.

3.2 Yield components

Number of bolls plant were significantly affected among the N as well Kas
fertilizer treatments for both seasois(0.01). The highest N treatments; ijave the highest
number of bolls plant in both seasons and those were significantly lighan other N
treatments (Table 2). Rashidi et al. (2011) rembtteat 200 kg ha N application rate



resulted significant increased in the boll numid&x.8), and boll weight (6.26 g) compared to
low N rates. Sawan (2014) suggested tHas an important nutrient which control growth
and prevents abscission of squares and bolls, tedséor photosynthetic activity and
stimulate the mobilization and accumulation of rbetaes in newly developed bolls and thus
their number and weight are increased. For K apfitin, the highest numbers of boll plant
were found in K treatments. Aladakatti et al. (2011) in their stad cotton reported that K
application had significant effect on total numinérbolls plant’. N x K interaction effect
was significant at 1% level for both seasons.

The highly significant differences were observedal weight for N application for
both seasond?k0.01) (Table 2). In pre-monsoon season, the highestwmght 3.74 g was
achieved from M treatments but it was not significant from teatmentsvhich gave 3.66 g
boll weight. The lowest boll weight 3.38 g was ob&al from N treatments and it was not
significant from N treatments which gave 3.43 g boll weight. In posnasoon season, the
highest boll weight 4.10 g was obtained from théatments although it was not significant
from N, treatments while the lowest inpNreatments. Similarly, significant effect of diféant
levels of N application on boll weight was reportegd Khan et al. (1993). Boll weight was
significantly affected by K application at 5% leyet pre-monsoon season but not significant
in post-monsoon season. In pre-monsoon seasptie&tments gave the highest boll weight
(3.63 g) which was significantly higher than End K treatments. According to Azab et al.
(1993), boll weight was significantly increased dyding K. And the current results clearly
showed that boll weight of cotton still respondedkt application up to 124.50 kg K Ha
However, no significant interaction was observetiveen N and K application for both

seasons.

3.3 Seed cotton yield (kg hd)

In both seasons, seed cotton yields were highlpifsggntly different among the
tested N and K treatment8<0.01) (Table 2). Highest seed cotton yields were obthind\;
in both seasons.dtreatments producetie lowest value (801.70 kg Hof seed cotton yield
however, that was not significantly different froly (893.00 kg hd) in pre-monsoon
season. It showed that low response to N was obdet/60 kg N ha for seed cotton yield
compared to 180 kg N Rawhich gave the highest yield. In post-monsoonaeathe lowest
yield 764.50 kg ha was obtained from jtreatments and which was significantly different
from others. Sawan et al. (1988) provitht seed cotton yield increased linearly with

increasing N fertilizer treatments. The highestdseetton yield in pre-monsoon season
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(1413.40 kg hd) and in post-monsoon season (1524.90 Kd)haere resulted from K
treatments which were significantly different frasthers (Table 2). In pre-monsoon season,
there were no significant differences in seed coytields between Kand kK treatments and
those were the lowest in seed cotton yield produéedording to Fan et al. (1999), yield
increases could be attributed to the effect of Kgomwth and nutrient uptake, which caused
favorable effects on the number of bolls pTfamind boll weight leading to higher cotton
yield. The significant interaction of N x K at 5%vkl was observed in both seasons. This
result indicated that the response of seed cofiteld o N was influenced by K application,
vice versa. Many literatures indicated that theidddO; uptake depends on adequate K
supply in soil solution. Moreover, crops respondigher K levels when N is sufficient, and

greater yield response to N fertilizer occurs wHKes sufficient as well (Better crop 1998).

3.4 Fiber quality

Nitrogen application at 180 kg N Ha(Ns) gave longest fiber length in both seasons
however no significant difference was observed [@&). Grimes et al. (1969) reported that
it was no or inconsistent effects of the N applaratrate on fiber length. However, Read et
al. (2006) reported that N deficiency decreasedfitier length. Therefore, N application is
important but, essential to have the major attentiiobe suitable amount and timing. In case
of K application, although no significant differenevas observed in pre-monsoon season,
fiber length was significantly different at 1% Iéwemong the K levels for post-monsoon
season. For both seasons, the longest fiber lengéne recorded at Ktreatments. This
finding was in line with Dhindsa et al. (1975) wlobserved that when K supply was
insufficient or low, fiber elongation was reduc&kwdar and Rady (2013) also reported that
enough supply of K during active fiber growth peérimay cause an increase in the turgor
pressure of the fiber, resulting in higher cellngation and longer fibers at maturity. The
combined analysis showed no significant interachetween N and K application treatments
on fiber length for both seasons.

The highest N rate @)l gave the highest fiber strength values (8.03 ¢p*rin post-
monsoon season but no significant difference wdaiméd among N treatments for both
seasons (Table 3). These results are similar teetkdb Boman and Westerman (1994), who
did not observed any significant relationship betwéber strength and N treatment. In pre-
monsoon season, the highest fiber strength vald (B mg') was observed in Khowever,

it was not significantly different with other K apgation treatments. In post-monsoon

8



season, highly significant differences were obsknamong K application treatments
(P<0.01) and the highest fiber strength value (8.08 Ib™¥hgvas obtained from K
treatments. Similarly, a reduction in fiber strangt K omission treatment was observed by
Gormus (2002). The combined analysis showed nafisignt interaction between N and K
application treatments for both seasons.

The higher values of micronaire represent the tdmeness of the cotton fiber while
the lower micronaire value means the higher filiegrfess. No significant difference in fiber
fineness (micronaire) was observed for N or K aggtion and their interaction effect for both
seasons (Table 3). In pre-monsoon season, the raaximicronaire value was observed in
Np treatments and minimum micronaire value was obsemeK, treatments. It has been
reported by Reddy et al. (2004) who found that Kctency increased the micronaire value.
By increasing N and K application, the micronaiedue was decreased (Table 3). Therefore
proper N and K application is necessary since rfinegfiber is a desired trait.

In both season, no significant differences wereeplel in maturity ratio among N
rates while it was significantly different at 5%vét among K treatments (Table 3). The
maximum maturity ratio value was found in, Kkreatments and the minimum value was
observed in K treatments. Pettigrew et al. (1996) found thagrfimaturity was reduced when
K levels were insufficient. The values of matunigitio in post-monsoon season were higher
than those in pre-monsoon season for all N anck&titnents.

In both seasons, significant difference was nohébun the ginning percentage among
the tested N and K application treatments (Table Besults in this study indicated that
ginning percentage were higher in post-monsoonoseasmpared to pre-monsoon season.
Interaction between N and K application on ginnpgycentage was not observed in both

seasons.

4. General Discussion

The results indicated that N and K application gaigher yield and better fiber
quality value in post-monsoon season compared ¢emmnsoon season. The decrease in
yield and quality in pre-monsoon season might be tduthe effect of high temperature and
low rainfall at the early growth stages (Figure TRhe cotton production can be reduced by
the limitation of irrigation water especially dugingermination and early growth stages
(Bielorai 1973). In this study, seed cotton yietdreased linearly with increased N and K
application rates. It can be observed that N apptio clearly affect on seed cotton yield.

Increased K application rates produced longer fikwegth with a smoother and stronger yarn,



higher fiber strength value—an important parametetetermining yarn spinning value—in
the post-monsoon season. Similarly, high K appbcaproduced high value of maturity ratio
which is one of the important fiber quality paraeref especially in pre-monsoon season. It
can be suggested that K application increasedmgtseed cotton yield but also fiber quality
significantly and so it is necessary to apply optimamount of K fertilizer to optimize cotton
production. Moreover, supply of adequate balanet¢id of N and K fertilizer combination is

also important and further systematic study is edegith more N and K ratios.
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pre- and post-monsoon season, 2015-2016
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5. Conclusion

This investigation indicated that maximum seed arotyield was observed in the
highest N and K application treatments for botrseaa. N fertilization mostly influenced on
growth and yield of seed cotton although it had affect on fiber quality, whereas K
fertilization was more pronounced for number of ppaial branches, yield and fiber quality.
The results from all quality characteristics canassumed that K fertilization is a key to
increase the better fiber quality rather than Nilization alone. Based on this research
finding, it can be concluded that application 0D1& N ha' with 124.50 kg K ha would
be the best fertilizer ratio for higher seed cottgreld and quality under the present
experimental conditions. Further investigationd \wé necessary to understand the response
of N and K fertilization on cotton yield and quglainder different soil fertility and climate

conditions using different cultivars.
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Table 2. Effects of nitrogen and potassium applican on growth, yield components and yield in

pre- and post-monsoon season (2015-2016)

No. of sympodial

No. of monopodial

No. of bolls plant*

Boll weight (g)

Seed cotton yield

Treatment branches plant* branches plant* (kg ha™)
pre- post- pre- post- pre- post- pre- post- pre- post-

Nitrogen
(N kg ha?)
0 12480  12.77¢  0.90c 0.86c  g.64d 8.59d 3.38b 3.26¢ 801.70c  764.50d
60 13.73a  1457b 1.13b 1.04b  10.49c  1057c 3.43b 3.54b 893.00c  986.40c
120 13.60a 14.71ab 127ab  1.24a 1257pb  13.70b 3.66a 3.83a  1242.10b 1345.50b
180 14.28a  15.73a 1.37a 1.27a  1472a  17.63a 3.74a 4.10a  1468.30a 1835.80a
LSDo.0s 0.93 115  0.14 0.16 0.86 1.50 0.13 0.28 161.64 193.98
Potassium
(K kg ha™)
0 13.05b  13.76b 1.26a 117  10.32b  10.63c 3.51b 3.61 900.40b  994.60c
62.25 13.28b  14.40ab 1.13b 1.08  1096b  12.03b 3.52b 3.62 990.00b  1179.70b
124.50 14.23a  15.17a 1.11b 106  1354a 15.21a 3.63a 3.83 1413.40a 1524.90a

LSDo.0s 0.80 0.99 0.12 0.14 0.75 1.30 0.11 0.24 139.99 167.99
Pr>F
N ok ok *k *k Hk Kk ok ok Hk ok
K * * * ns *k *k * ns *k *k
N x K ns ns ns ns ** * ns ns * *
CV% 7.01 8.18 12.24 14.55 7.61 12.19 3.63 7.73 15.01 16.09

Means followed by the same letter in each colunennat significantly different at 5% LSD
** = significant at 1% level
*= significant at 5% level

ns = non- significant
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Table 3. Effects of nitrogen and potassium applic&n on fiber qualities of cotton in pre- and
post-monsoon season (2015-2016)

Fiber length Fiber strength Fiber fineness . . -
Treatment (mm) (b mg™) (micronair) Maturity ratio Ginning %
pre- post- pre- post- pre- post- pre- post- pre- post-

Nitrogen
(N kg ha)
0 28.44 30.44 7.93 7.97 4.70 4.72 0.87 1.07 34.12 38.79
60 28.44 31.11 7.98 7.96 4.56 4.93 0.89 1.13 34.39 38.01
120 28.33 30.44 7.97 8.01 4.29 4.86 0.87 1.13 133.3 38.36
180 28.89 30.78 7.96 8.03 4.44 4.70 0.86 1.09 133.7 37.76

LSDo.05 0.60 0.63 0.13 0.11 0.32 0.39 0.03 0.07 1.15 1.27
Potassium
(K kg ha™)
0 28.25 30.25b 7.91 7.95b 4.50 5.01 0.86b 1.07b 3.973 38.39
62.25 28.58 30.58b 7.96 7.94b 4.52 4.74 0.87al.09b 33.94 38.26
124.50 28.75 31.25a 8.01 8.08a 4.45 4.66 0.89a .16al 33.74 38.03
LSDo.05 0.52 0.55 0.11 0.09 0.27 0.34 0.03 0.06 0.99 1.10
Pr>F
N ns ns ns ns ns ns ns ns ns ns
K ns *x ns ki ns ns * ns ns
N x K ns ns ns ns ns ns ns ns ns ns
CV% 2.15 2.12 1.67 1.40 7.2 8.45 3.22 6.44 3.47 3.41

Means followed by the same letter in each colunennat significantly different at 5% LSD
** = significant at 1% level
*= significant at 5% level

ns = non- significant
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