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Abstract

Background
The study was conducted in 2018/19 main cropping season at two locations in North-western Gondar Zone, Ethiopia, to evaluate the effects of nitrogen
fertilizer rates on earliness, growth, and yield and yield components of cotton varieties. The experiment was laid in a randomized complete block design with
three replications in a factorial arrangement of �ve N rates (0, 23, 46, 69, and 92 kg ha− 1) and two cotton varieties (Sisiku-02 and Delta pine-90).

Results
Signi�cant main effect of N rates was observed for most of cotton phenological traits, plant height, number of main stem nodes and number of �rst fruiting
branch nodes, average boll weight, cottonseed yield, lint yield and total cotton, whereas N fertilizer rates did not show difference regarding on days to initial
�owering and lint percentage in both sites and days to initial squaring and height to node ratio at Tach-Armachiho, number of bolls per plant at Metema site.
Main effect of varieties showed signi�cant difference for all phonological traits, average boll weight, cottonseed, and lint yield and lint percentage for both
sites. Signi�cantly higher plant height, height to node ratio, number of �rst fruiting branch nodes and total boll numbers was recorded at Metema experimental
site, while number of main stem nodes was non-signi�cant due to main effect of varieties. However, in Tach-Armachiho main effects of varieties were non-
signi�cantly affected total boll numbers and most growth parameters except total dry matter production. The total dry matter production of the cotton plant in
a plot was signi�cantly in�uenced by their interaction effect at Metema. The maximum cottonseed yield, lint yield and total cotton yield were obtained at 92 kg
ha-1 N rate at Metema and Tach-Armachiho sites. The higher lint yield and lint percentage were recorded on variety Sisiku-02, while higher cottonseed yield
was found from variety Delta pine-90 in both sites. Similarly, the result of economic analysis showed that the maximum net bene�t was obtained at main
effect of 92 kg ha-1 N rate and Sisiku-02 variety.

Conclusions
Based on lint yield and economic analysis, use of Sisiku-02 variety with 92 kg ha-1 nitrogen rate is promising for cotton production in study areas and similar
agro-ecologies

1. Introduction
Upland cotton (Gossypium hirsutum L.) is one of the most important natural �ber crops that nature gifts for human [1] and contributes for more than 90% of
total cotton production in more than 80 countries [2]. Ethiopia believed to be one of the origins of cotton, and has long history in cotton cultivation [3].
Gossypium hirsutum L is one of the most economically viable cotton species grown for its lint yield [4]. It is a major source of input for textile industries,
foreign exchange currency and employment generation in the country [5]. Ethiopia has a huge potential land (< 3 million ha) for cotton production [6].
Unfortunately, production area is about 65000 ha and produced 44740 MT lint yields [7].

Cotton grows very well in Amhara region of the country with 32, 557 ha land coverage and 48836 tons of raw cotton yield. Especially North-western Gondar of
Metema and Tach-Armachiho have high potential for cotton production. However, the productivity of cotton in the districts [8] was by far lower 0.81 t ha− 1

than the national and world average 1.2 and 2.05 ton ha− 1 respectively [9] and the genetic potential of the varieties 3 t ha− 1 [8]. This situation currently shows
that cotton production was uneconomical and forced growers of the crop to allocate the cotton land to other crops. Therefore, there is a need to study
problems for low productivity in Ethiopia including the study areas that might be due to of a biotic and biotic factors and limited research work. Most common
cause of low yield in the Metema and Tach-Armachiho are poor soil fertility management and lack of improved varieties.

Agronomic practices like variety selection [10] and fertilizer management especially de�ciency of nutrients have a profound effect to enhance cotton yield [11].
Cotton needs different nutrients for better growth and yield especially N is the most contributing and needed continuously in larger quantities than other
nutrients for high yield of cotton production [12]. It determines plant growth, fruiting and seed cotton yield by regulates photosynthesis and other physiological
processes [13]. Cotton earliness has also been found affected by N levels [14]. Nitrogen application increase yield and yield related traits of cotton [15].

Inappropriate N fertilizer amount (excessive or inadequate levels) has an impact on the cotton yield [16]. Nitrogen de�ciency induces premature senescence
and reduces both vegetative and reproductive growth, while more N stimulates vegetative growth, delay crop maturity, results in lower yields [17]. The
appropriate N fertilizers rate is important to keep balance between vegetative and reproductive growth of cotton [18]. Optimal N requirement is associated with
many factors like soil type, varieties, location and other environmental factors [19]. In Ethiopia, maximum cotton yield was attained at the moderate rate of 46
kg ha− 1 N fertilizer reported by [20] in middle and upper Awash of Ethiopia. These reports demonstrated the importance of proper N rates for high yields of
cotton.

Selection of a variety is basic management decision as varieties bred for one region may not perform equally at other regions since growth habit of the cotton
varieties are different differently in responsive to inorganic fertilizer requirements, early maturing varieties are very important to increase economic return by
reducing input cost [21, 22, 23]. The use of improved varieties is a key to enhance cotton productivity by l0-15%, in some cases even 30% [24].

Apparently, continuous monocultures of cereals result in reduction of soil nutrients, particularly N for a long time in western Ethiopia including the study areas
[25]. Most producers are reluctant to use fertilizers for cotton only a few farmers use up to 100 kg ha− 1 DAP and Urea in North Gondar [26]. Besides, the
varieties old cotton variety Deltapine-90 is dominantly grown for long years in Metema and Tach-Armachiho. In addition, so far, there are no any research
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recommendations on N rate in sturdy areas and its surrounding areas. So, for aforementioned problems, special attention should give to study the effect of N
rates on growth, yield and yield components of cotton varieties in Metema and Tach-Armachiho districts.

2. Materials And Methods
The �eld experiment was conducted at Metema and Tach Armachiho Districts from July to December 2018/19 in the main cropping season. Metema located
at 12° 38' N latitude to 36° 41' E longitude and elevation of 760 m above sea level. It has average annual rainfall of 1030 mm with 40.0°C maximum and
15.0°C minimum temperatures. Tach-Armachiho district also found at 13° 88’ N latitude to 37° 43’ E longitude and has 1022 m above sea level altitude. The
mean maximum and minimum temperature of the area is about 34.0°C and 13.0°C, respectively. The mean annual rainfall in the area is about 970 mm [27].
The soil type is clay with black color in Metema and clay loam with light black color in Tach-Armachiho experimental site. The location represents major
cotton producing agro-ecologies of the region. Before sowing, the surface (0–30 cm depth) soil samples from �ve spots across the experimental �eld were
collected, composited and analyzed for determining selected soil physicochemical properties at Amhara Design and Supervision Works Enterprise soil testing
laboratory based on the standard laboratory procedures.

Table 1
Physical and chemical analysis of experimental �eld soils before planting.

Physical properties of soil Locations

Metema Tach Armachiho  

Particulars Value Status Value Status References

Sand (%) 22 23     [58]

Silt (%) 26.22 26.5    

Clay (%) 49.78 48.13    

textural class Clay Clay    

Chemical properties of soil

pH (by 1: 2.5 soil water ratio) 6.62 neutral 6.7 neutral [59]

EC (ms/cm 0.12 low 0.12 low  

Organic Carbon (%) 3.04 high 2.5 low [60]

Organic Matter (%) 5.24 very high 2.7 low [61]

Total N (%) 0.1 low 0.16 medium [62]

Available P (ppm) 3.02 low 2.9 low [63]

CEC (meq/100g soil) 69.16 very high 74.9 very high [64]

Ca (cmol kg− 1) 49.06 very high 48.07 very high [65]

Mg (cmol kg− 1) 16.69 very high 18.01 very high

K (cmol kg− 1) 0.64 very high 1.5 low

Na (cmol kg− 1) 1.43 low 1.5 low

CEC = Cation Exchange Capacity, EC = electrical conductivity, ppm = Part per million.

The treatment consisted of a factorial combination of �ve N rates (0, 23, 46, 69 and 92 kg ha-1) and two cotton varieties in RCBD with three
replications. Sisikuk-02 and Delta pine-90 used as recently and local varieties, respectively. The gross plot size was 2.25*5 m (11.25 m2) and the distance
between the plots and blocks were kept at 1 and 1.5 m apart, respectively. The net plot 1.35 *4.2 m (5.67 m2) was made by excluding the left and right
two exterior rows and a plot length of 0.5 m from the top and bottom sides of the plot area. The spacing between rows and plants were 0.45 and 0.2 m,
respectively. Seeds were sown by hand drilling at the seed rate of 15 kg ha-1. The full dose of 100 kg ha-1 P in the form of TSP (46% P2O5) and partial doses of
N in the form of urea were applied at sowing. However, the second and third N fertilizer doses were applied as a top-dressing at speci�ed rates based on the
prescribed timing of application [28]. Uniform agronomic practices for successful cotton production were adopted for all the treatment. Data were collected on
major agronomic, phenological characters and quality paramters. Data’s such as days to initial squaring, initial �owering, initial boll opening and maturity
were counted as difference between sowing to �rst squaring, one boll opens and 65% of the plants open their bolls, respectively in each treatment. Data
regarding various plant growth and yield parameters of cotton viz., plant height (cm), number of main stem nodes branches plant-1, height to node ratio,
number of �rst fruiting branch nodes plant-1, total dry matter (t ha-1), number of total bolls plant-1, average boll weight boll-1 (g) and total cotton yield (kg ha-

1), seed cotton yield (kg ha-1) and lint yield (kg ha-1) were collected from �ve plants in the central rows of selected and tagged plants for the above agronomic
traits. Lint percentage/Ginning out turn was determined by taking a sample of 30 bolls average weight after ginning seed cotton harvested from each net plot
and calculated as a ratio of lint weight (g) to the weight of total cotton yield (g) and expressed as a percentage. All collected data were subjected to Analysis
of Variance (ANOVA) using SAS software version 9.0. Between treatments, comparisons of means were made using the Least Signi�cant Difference (LSD)
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test at 1 and 5% probability levels. Similarly, analysis of simple correlation coe�cients was carried out following standard statistical procedure to reveal the
relationship between and among the yield and yield components. The mean lint yield and seed cotton yield data was adjust by 90 % and economic analysis
was carried out by following CIMMYT (1988) procedures by taking all variable costs. The prevailing cost of inputs and out puts in year 2019 considered for
the analysis. The selling price of cotton lint was Birr 33 for Metema and 41 for Tach-Armachiho districts and seed price and cost of urea fertilizer were 8 and
12.5 Birr per one kilogram, respectively. Total costs that varied for each treatments was calculated and treatments were ranked in order of ascending total
variable cost (TVC) and dominance analysis was used to eliminate those treatments costing more but producing a lower net bene�t than the next lowest cost
treatment. Net bene�ts ha-1 was calculated by deducting cost of production from gross income ha-1. A treatment which is non-dominated and having the
highest net bene�t is said to be economically pro�table [29].

3. Results And Discussion

3.1. Cotton Phenological Traits

3.1.1. Days to initial squaring
The analysis of variance revealed that the main effect of varieties was highly signi�cant (P < 0. 01) and N signi�cantly (p < 0.05) in�uenced days to initiation
square at Metema (Table 2), whereas the main effect of varieties was very highly signi�cant (p < 0.0001) and N fertilizer rate was non-signi�cant at Tach-
Armachiho, and their interaction had no signi�cant effect in both sites (Table 2). The longest days to square initiation (40.33) was recorded at the N rate of 92
kg ha-1, while the shortest days to square initiation (36) was recorded at control conclu(Table 3). The delayed days to squaring of cotton plant at 92 kg ha-1 N
rate might be due to increased vegetative growth and delayed reproductive growth. The present result is in line with Tekalign Ayissaa and Fassil Kebede [30]
who observed that the effect of highest 92 kg ha-1 N fertilizer rate increased day to squaring.

With regards to the effect of varieties the longer days to square initiation (40.53) and (46.23) was recorded on Delta pine-90, while the shorter days to square
initiation (34.47) and (42.80) was recorded on Sisiku-02 at Metema and Tach-Armachiho, respectively (Table 3). The square initiation days obtained on variety
Sisiku-02 was earlier than variety Delta pine-90 that might be due to relatively compact growth habit as compared to the longer and more vegetative growth of
Delta pine-90. This result is in line with Munir [31], who mentioned that the square initiation was mainly in�uenced by variety and temperature.

3.1.2. Days to initial �owering
Days to �rst �ower initiation was highly signi�cantly (p < 0.01) affected by main effect of varieties, while the main effect of N fertilizer rate and its interaction
with varieties had no signi�cant in�uence at both sites of Metema and Tach-Armachiho (Table 2). The longer days to �ower initiation (51.60) and (53.60) was
recorded on variety Delta pine-90, while the shorter days (45.53) and (49.40) was recorded on Sisiku-02 at Metema and Tach-Armachiho, respectively
(Table 3). Similar to the days to square initiation, the longer �ower initiation observed on Delta pine-90 as compared to Sisiku-02 which might be due to
genetic variation. This �nding in line with Khan et al. [32] studied earliness on cotton varieties and found signi�cant variations among varieties.

Table 2
Mean square values of ANOVA for phenological traits of cotton as affected by varieties and nitrogen rates at Metema and Tach-Armachiho during, 2018

Experimental site

    On Metema On Tach-Armachiho

SOV DF DIS DIF DIBO DM DIS DIF DIBO DM

Rep 2 3.60ns 8.53 ns 15.83 ns 1.73 ns 1.23ns 8.40 ns 1.90ns 97.30ns

N 4 18.33* 53.72 ns 196.33** 210.45** 2.70 ns 6.17ns 13.95** 188.75*

V 1 276 *** 276 ** 2650.80*** 1584 *** 90.13*** 132.30** 258 *** 3830.70***

V*N 4 0.37 ns 0.78 ns 1.97 ns 5.72 ns 2.47ns 5.47ns 8.22ns 30.95ns

Error 18 5.75 19.13 24.5 19.84 1.01 2.99 3.34 61.97

*; signi�cant at p < 0.05, **; highly signi�cant at p < 0.01, ***; very highly signi�cant differences at p < 0.0001, NS; non-signi�cant at p < 0.05, DIS; Days of
Initial Squaring, DIF; Days of Initial Flowering, DIBO; Days of Initial Boll Opening, DM; Days to Maturity, SOV; Source of Variation, DF; Degree of Freedom,
Rep; Replication, N; Nitrogen and V; Varieties.

3.1.3. Days to initial boll opening
Analysis of variance showed that nitrogen rates had very highly signi�cant (p < 0.0001) and varieties had highly signi�cant (p < 0.01) effect on days to initial
boll opening while; their interaction was non-signi�cant at both sites (Table 2). The longer days to initial boll opening (108.07) and (118.73) were recorded
from variety Delta pine-90, whereas the shorter days (89.27) and (112.87) were recorded from variety Sisiku-02, which hastened the initial boll opening by 19
and 6 days than variety Delta pine-90 at Metema and Tach-Armachiho, respectively (Table 3). This �nding is con�rmed by Kedir Wulchafo et al. [33] who
found that highly signi�cant in days to initial boll opening among varieties.

Among the nitrogen rates, the longest days to initial boll opening (107.17) and (177.67) were recorded at nitrogen rate of 92 kg ha-1, which was statistically
similar with 69 kg ha-1 nitrogen rate. The shortest days to initial boll opening (92.33) and (114.17) were obtained at nitrogen rate of 46 kg ha-1 and 0 kg ha-1 at
Metema and Tach-Armachiho, respectively (Table 3). The earliness attained in initial boll setting by the intermediate N rate at Metema could be due to the
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satisfaction of N demand of the crop for the heavy nutrient sinks of bolls to open. The earliness attained in initial boll setting by the null nitrogen rate at Tach-
Armachiho could be due to the high starvation of nitrogen demand of the crop for the heavy nutrient sinks of bolls to open. At the same time, higher rate of
nitrogen prolonged vegetative growth and delayed opening period of bolls. These results are in agreement with the �ndings of Tekalign Ayissaa and Fassil
Kebede [30] who reported that both shortage and excess of nitrogen negatively affected boll opening.

Table 3
The main effect of varieties and nitrogen rates on phenological traits of cotton in Tach Armachiho and Metema district, 2018

Experimental site

  On Tach-Armachiho On Metema

Treatment DIS DIF DIBO DM DIS DIF DIBO DM

Varieties                

Delta pine-90 46.23a 53.60a 118.73a 155.80a 40.53a 51.60a 108.07a 137.40a

Sisiku-02 42.80b 49.4 b 112.87 b 133.20 b 34.47b 45.53b 89.27b 122.87b

LSD 0.77 1.33 1.4 6.04 1.84 3.36 3.8 3.42

N (kg ha− 1)                

0 44.67 50.67 114.17 a 145ba 36b 46.33 95.50bc 128c

23 45.17 52.33 115ba 144.17ba 36.67b 47.5 97.17bc 128.83bc

46 43.83 50.67 115bc 136.67 b 36.50b 45.83 92.33c 122.33d

69 43.83 51 117.17ab 144.17ba 38ab 50.17 101.17ab 133.50ab

92 45.17 52.83 117.67 a 152.5 a 40.33a 53 107.17a 138a

LSD NS NS 2.22 9.55 2.91 NS 6 5.4

CV 2.26 3.36 1.58 5.45 6.39 9 5.02 3.42

Mean 44.53 51.5 115.8 144.5 37.5 48.57 98.67 130.13

Means in the same column and the same letters are not signi�cant at 5% level of signi�cance. LSD; Least Signi�cant Difference at 5% level of signi�cance,
CV; coe�cient of variation in percent, NS; Non-signi�cant, DIS; Days to Initial Squaring, DIF; Days to Initial Flowering, DIBO; Days to Initial Boll Opening,
DM; Days to Maturity.

3.1.4. Days to maturity
Results from the analysis of variance exhibited that the main effect of varieties very highly signi�cant (p < 0.0001) at Metema and Tach-Armachiho and
nitrogen rates were highly signi�cant (p < 0.01) at Metema and signi�cant (p < 0.05) at Tach-Armachiho on days to maturity, while their interaction was non-
signi�cant (Table 2). The longer days to maturity (137.40) and (155.80) were recorded on variety Delta pine 90 than variety Sisiku-02 (Table 3) at Metema and
Tach-Armachiho, respectively. The lateness in maturity observed from Delta pine-90 could be due to genetic variation that leads the variety to grow long and
produce a number of fruiting nodes. In conformity with this result, Kedir Wulchafo et al. [33] found that Deltapine-90 takes longer (145) days from the
emergence days up to maturity.

The number of days taken to reach to maturity of cotton plants increased with the increase in nitrogen rates. The longest days to maturity (138) and (152.5)
were found at nitrogen fertilizer rate of 92 kg ha− 1, while the shortest days to maturity (122.33) and (136.67) were found at nitrogen fertilizer rate of 46 kg ha− 

1 at Metema and Tach-Armachiho, respectively (Table 3). The highest nitrogen fertilizer rate of 92 kg ha− 1 highly delayed the maturity period might be due to
the extended vegetative growth effect on the crop. The �nding agreed with Tekalign Ayissaa and Fassil Kebede [30] who reported that the highest nitrogen
fertilizer rate of 92 kg ha− 1 delayed maturity by 15 days from nitrogen fertilizer rate of 46 kg ha− 1. Dong et al. [34] also observed that increasing nitrogen rate
lead to more vegetative growth and causes delay in maturity and ultimately reduction in the crop yield.

3.2. Cotton Growth Traits

3.2.1. Plant height
In the present study, main effects of N fertilizer rates exert very highly signi�cant (p < 0.0001) effect on plant height in both experimental sites and the main
effects of varieties had very highly signi�cant (p < 0.0001) effect at Metema and non-signi�cant at Tach-Armachiho but their interaction did not signi�cant
(Table 4). The tallest plant height (83.37 cm) and (80.77 cm) were obtained from the plants grown at 92 kg N ha-1 and the shortest plant height (57.83 cm)
and (56.07 cm) were recorded at 0 kg N ha-1 rate at Metema and Tach-Armachiho, respectively (Table 5). This increment in plant height at higher N rate might
be due to N fertilizer increased cell division and elongation of the crop. The result agreed with Bibi et al. [35], who reported that highest plant height (113 cm)
recorded from plot that received 92 kg N ha-1, while the shortest plant height was from unfertilized plots. Similarly Hallikeri et al. [36] also claimed that highest
plant height obtained at highest level nitrogen.
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Concerning varieties the taller plant height (77.20 cm) recorded from variety Delta pine-90, whereas the shorter plant height (65.80 cm) recorded from Sisiku-
02 at Metema site (Table 5). Result revealed that the more determinate variety Sisiku-02 produced shorter plant height compared to semi-determinate Delta
pine-90 variety this might be due to the difference in genetic makeup of varieties. In conformity with this result, Kumbhar et al. [37] and Baraich et al. [38]
reported that the plant height affected by genetic makeup of varieties.

3.2.2. Number of main stem nodes per plant
The analysis of variance revealed that the main effect of N rate was highly signi�cant (p < 0.01), however the main effect of varieties and its interaction effect
didn’t show signi�cant effect on number of main stem nodes in both sites (Table 4). The highest number of main stem nodes (16.83) recorded at 46 kg N ha− 1

rate, which was statistically similar with 69 and 92 kg ha− 1 N rates at Metema and the highest number of main stem nodes (6.73) recorded at 92 kg N ha− 1

rate, which had no signi�cant difference with 46 and 69 kg ha− 1 nitrogen rates at Tach-Armachiho, while the lowest number of main stem nodes (14.33) and
(4.83) at control plot in Metema and Tach-Armachiho, which was statistically apart with other treatments except 23 kg N ha− 1 rate (Table 5). Number of main
stem nodes increased with maximized N rate indicating that the response of cotton was linear with the increasing nitrogen fertilizer rate. The result is in
conformity with Liaqat et al. [39] who found that the highest main stem nodes were recorded at highest N level of 225 kg N ha− 1.

Table 4
Mean square values of ANOVA for growth traits of cotton as affected by varieties and nitrogen rates at Metema and Tach-Armachiho during, 2018

Experimental site

    On Metema On Tach-Armachiho

SOV DF PH (cm) NMSN HNR

(node cm− 1)

NNF

FB

TDM

(t ha− 1)

PH (cm) NMSN NFF

BN

TDM

(t ha− 1)

Rep 2 0.92 ns 0.23 ns 0.03 ns 0.43 ns 0.02 ns 14.17ns 0.53ns 0.82 ns 0.004 ns

N 4 662.25*** 7.38** 1.39*** 2.55** 2.61*** 658.21*** 4.79 ** 2.83** 1.575***

V 1 974.70*** 1.63 ns 2.74*** 2.7* 0.56** 20.83ns 0.83 ns 0.048 ns 0.602 **

V*N 4 45.87 ns 0.38 ns 0.25 ns 0.45 ns 0.06* 46.06 ns 1.55ns 0.07 ns 0.160 ns

Error 18 35.44 0.9 0.1 0.43 0.02 40.1 0.66 0.63 0.042

*; signi�cant at p < 0.05, **; highly signi�cant at p < 0.01, ***; very highly signi�cant at p < 0.0001, NS; non-signi�cant at p < 0.05, PH; Plant Height, NMSN;
Number of main stem Nodes, HNR; Height to Node Ratio, NFFBN; Number of First Fruiting Branch Nodes, TDM; Total Dry Mater, SOV; Source of Variation,
DF; Degree of Freedom, Rep; Replication, N; Nitrogen and V; Varieties.

3.2.3. Number of �rst fruiting branch nodes per plant
The analysis of variance showed that highly signi�cant (p < 0.01) for both sites due to main effect of N and signi�cantly (p < 0.05) different at Metema and
non signi�cant at Tach-Armachiho in number of �rst fruiting branch nodes due to main effect of varieties; however, non-signi�cant there interaction effect in
both sites (Table 4). The number of �rst fruiting branch nodes increased with increase N rates from 0 to 92 kg ha− 1. The highest value (5.33) and (3.80)
recorded at 69 and 92 kg N ha− 1, which had no signi�cant difference with 46 kg N ha− 1 at Metema and Tach-Armachiho, respectively (Table 5). The lowest
number of �rst fruiting branch nodes (3.83 and 4.33) and (2.28 and 2.08) found at 0 and 23 kg ha− 1 N rates. Increased number of �rst fruiting branch nodes
might be resulted from increasing plant growth, which induced at higher N rate. The �nding agree with Raza [40] who ascertained that the number of �rst
fruiting branch nodes increased up to 6.66 by the addition of 200 kg N ha− 1. The result also parallel with Emara and El-Gammaal [41] and Main et al. [42] who
reported that the number of �rst fruiting branch nodes increased with increased N rate. Furthermore, Liaqat et al. [39] reported highest number of �rst fruiting
branch nodes recorded at highest level of nitrogen at 165 kg ha− 1 and the lowest nodes recorded in control.

The higher number of �rst fruiting branch nodes (5.01) recorded on variety Delta pine-90 and the lower value (4.47) recorded on variety Sisiku-02 at Metema
(Table 5). The present result is supported by Saleem et al. [43] who reported that number of �rst fruiting branch nodes signi�cantly affected by varieties.
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Table 5
The main effects of varieties and nitrogen rates on growth traits of cotton in Tach Armachiho and Metema district, 2018

Experimental site

  On Tach-Armachiho On Metema

Treatment PH

(cm)

NMSN NFFBN TDM

(t ha− 1)

PH (cm) NMSN HNR (cm/node) NFFBN TDM (t ha− 1)

Varieties                  

Delta pine-90 68.79 5.83 2.81 1.64a 77.20a 15.8 4.88a 5.01a 2.58a

Sisiku-02 67.12 5.49 2.73 1.36b 65.80b 15.33 4.28b 4.47b 2.30b

LSD NS NS NS 0.16 4.57 NS 0.25 0.51 0.09

N (kg ha1)

0 56.07c 4.83 b 2.28cb 0.97 d 57.83c 14.33b 4.02c 3.83b 1.72d

23 58.30c 4.63 b 2.08c 1.12 d 64.83bc 14.50b 4.47b 4.33b 1.94c

46 71.30b 6.03a 2.61bc 1.37c 71.63b 16.83a 4.26bc 5.17a 2.28b

69 73.33ab 6.07a 3.08ba 1.86 b 79.83a 15.83a 5.04a 5.33a 3.06a

92 80.77a 6.73a 3.80 a 2.19 a 83.37a 16.33a 5.11a 5.17a 3.20a

LSD 12.41 1.6572 1.1 0.25 7.22 1.15 0.39 0.80** 0.15

CV 15.05 24.43 33.64 13.66 8.33 6.09 7.03 13.81 5.04

Mean 67.95 5.59 2.71 1.53 71.5 15.57 4.58 4.77 2.44

Means in the same column and letters are not signi�cant at 5% level of signi�cance. LSD; Least Signi�cant Difference at 5% signi�cance, CV; coe�cient of
variation in percent, NS; Non-signi�cant, PH; Plant Height, HNR; Height to Node Ratio, NMSN; Number Main Stem Nodes, NFFBN; Number of First Fruiting
Branch Nodes, TDM; Total Dry Mater.

3.2.4. Height to node ratio
The analysis of variance revealed that the main effect of N rates and varieties were very highly signi�cant (p < 0.001). However, their interaction had no
signi�cant effect on height to node ratio at Metema experimental site (Table 4). On the other way the main effect of both factors, their interaction had no
signi�cant effect on height to node ratio at Tach-Armachiho experimental site. The higher height to node ratio of (4.88 cm) obtained on the variety Delta pine-
90, while the lower value (4.28 cm) recorded from variety Sisiku-02 (Table 5). The higher height to node ratio of Delta pine-90 is indicated excessive growth as
compared to Sisiku-02. The result much with Bibi et al. [35], who observed that short stature varieties had lower height to node ratio.

Concerning the nitrogen rates, the highest height to node ratio of (5.11 cm) was obtained at highest 92 N kg ha-1 rate which had signi�cant difference with all
N rates except 69 kg ha-1. The lowest height to node ratio (4.02 cm) was observed from control which, statistically similar with 46 kg ha-1 nitrogen rate but,
differed with 23 kg ha-1nitrogen rate (Table 5). The result is in consistence with Munir [31] who found that each increment in nitrogen rates from 0 to 180 kg
ha-1 tended to increase inter-nodal length of from 4.3to 4.6 cm per node.

3.2.5. Total dry matter production
The total dry matter production of the cotton plant in a plot was very highly signi�cantly (p < 0.0001) and highly signi�cantly (p < 0.01) affected by the main
effect of varieties and N rates, respectively at both sites and signi�cantly (p < 0.05) in�uenced by their interaction effect at Metema but not at Tach-Armachiho
(Table 4). Signi�cantly maximum total dry mater yields (2.19 t ha-1) was observed at 92 kg N ha-1, while the minimum total dry mater (0.97 t ha-1) was
obtained at the 0 kg ha-1 N fertilizer rates at Tach-Armachiho (Table 5). This increment in total dry matter might be due to N application takes part in
production as well as many energy rich compounds (ATP), which regulate photosynthesis [44]. This result substantiated by the �ndings of Ibrahim et al. [45]
and Wajid et al. [46] who also conveyed that increase in N level signi�cantly increased above ground dry matter.

Regarding the varieties, maximum total dry mater yield of (1.64 t ha− 1) was obtained on variety Delta pine-90, over Sisiku-02 (1.36 t ha− 1) at Tach-Armachiho
(Table 5). Wajid et al. [46] stated that total dry matter production was directly proportional to the production of biological yield in various cotton varieties as
well as the broad leaf morphological varieties produced higher dry matter compared to normal and narrow leaf morphological varieties.

The maximum total dry mater yields (3.25 t ha− 1) was obtained at 92 kg N ha− 1 rate and Deltapine-90 variety interaction, while the minimum total dry mater
(1.46 t ha− 1) was obtained at 0 kg N ha− 1 rate and Sisiku-02 variety interaction at Metema (Table 6). These may be might be due to each increment of N
application takes part in production of energy rich compound ATP that control photosynthesis and ultimately assimilates crop biomass then improves crop
development and yield component of cotton. In conformity with this result, Shakeel et al. [47] found that total dry matter of cotton varieties increased as the
level of N fertilizer rate increased due to their genetic potential to exploit available resources for their growth and development.
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Table 6
The interaction effects of varieties and nitrogen rates on

total dry matter of cotton in Metema district, 2018

  Varieties  

Nitrogen rates (kg ha− 1) Delta pine-90 Sisiku-02

0 1.99d 1.46f

23 2.08d 1.8de

46 2.47c 2.08d

69 3.09ab 3.03b

92 3.25a 3.14ab

Mean 2.58 2.30

LSD 0.21*  

CV 5.04  

Means in the same column and letters are not signi�cant at 5% level of signi�cance, LSD; Least Signi�cant Difference at 5% signi�cance, CV; coe�cient of
variation in percent.

3.3. Yield and Yield Components

3.3.1. Total boll numbers per plant
Analysis of variance showed that highly signi�cant (p < 0.01) difference on number of bolls per plant due to main effect of nitrogen fertilizer rates and non-
signi�cance difference due to varieties at Tach-Armachiho, on the other hand signi�cant (p < 0.05) difference on number of bolls per plant due to main effect
of varieties at Metema. However, non-signi�cance differences effect due to nitrogen fertilizer rates and its interaction with varieties in both sites (Table 7). The
higher number of bolls per plant (6.17) belonged to the highest level of N level 92 kg ha− 1 which had no signi�cantly different with 46 and 69 kg N ha− 1, while
the lower number of bolls (4) recorded at 0 kg N ha− 1 at Tach-Armachiho (Table 8). The difference in number of bolls per plant among nitrogen rates might be
due to leaf area development and its photosynthetic e�ciency to ful�lled the assimilate demand of fruiting organs which in turn increased number of bolls per
plant. Researchers observed increase in bolls per plant by increasing nitrogen level [30, 37]. Rates of boll set and bolls per plant are reduced with lower N rates
[48].

The higher number of bolls per plant (8.33) found from the Delta pine-90, while the lower value (7) recorded on variety Sisiku-02 at Metema (Table 8) this
could be due to genetic difference. The �nding agreed with Merdasa Balcha [49] who reported that differences in number of bolls among varieties due to
difference in number of sympodial branches and �owers formed.

3.3.2. Average boll weight
Boll weight plays a vital role and have signi�cant share towards achieving higher cotton yield. The result of the study indicated that boll weight were very
highly signi�cantly (p < 0.0001) affected by the N rates and varieties but their interaction was non-signi�cant in both sites (Table 7). Highest boll weight per
boll (5.44 g) was obtained by the addition of 69 kg N ha-1 rate, it was statically similar to 92 and 46 kg N ha-1, whereas lowest value (4.41 and 4.5 g) recorded
from 0 and 23 kg N ha-1, respectively at Metema (Table 8). Similarly, highest boll weight per boll (5.33 g) was obtained by the addition of 92 kg N ha-1 fertilizer
rate and the lowest (4.38 g) boll weight per boll produced at the control in Tach-Armachiho (Table 8). Boll weight increased by increasing N probably due to,
nitrogen is an essential component of chlorophyll, enhanced photosynthetic activity, assimilation and contributes in accumulation of dry matter. On the other
hand, the N de�ciency reduced photosynthesis and assimilates translocation from leaves to fruits. The result is similar with the �ndings of Rashidi and
Gholami [50] and Baraich et al. [38] who reported that different levels of N fertilizer have an effect on boll weight and highest boll weight obtained from the
highest levels of nitrogen fertilizer 200 kg ha-1.

Regarding the effect of varieties the signi�cantly higher average boll weight per boll (5.22 g) and (5.37 g) was recorded on variety Delta pine-90, while lower
average boll weight per boll (4.73 g) and (4.72 g) were observed on variety Sisiku-02 at Metema and Tach-Armachiho, respectively (Table 8). The higher boll
weight obtained at the in�uence of variety Delta pine-90 might be attributed to the genetic difference in the growth trait. Moreover, this could be due to the
more reproductive structures and higher dry matter weight exhibited by Delta pine-90 variety in this study. This result con�rmed by Samuel Damtew [51] who
reported that the increase in boll weight was probably due to better adaptability to the environmental conditions and the ability of different varieties in utilizing
and assimilating the available resources.
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Table 7
Mean square values of ANOVA for yield and yield related traits of cotton as affected by varieties and nitrogen rates at Metema and Tach-Armachiho during,

2018
Experimental site

    On Metema On Tach-Armachiho

SOV DF TNB

PP

ABW

(boll g− 

1)

GOT

(%)

LY

(kg ha− 1)

SCY

(kg ha− 1)

TCY

(kg ha− 1)

TNB

PP

ABW

(boll g− 

1)

GOT

(%)

LY

(kg ha− 1)

SCY

(kg ha− 1)

TCY

(kg ha− 1)

Rep 2 3.6
ns

0.3 ns 0.5 ns 4487ns 4250.3 ns 17351.7
ns

1.4ns 0.01 ns 2.9 ns 3258 ns 3331ns 12972ns

N 4 0.8
ns

1.5*** 1.7 ns 298311*** 548616*** 1651599
***

5.8** 1*** 3.2 ns 169382*** 237219*** 805577***

V 1 13.3* 1.8*** 273.6*** 38017 * 307281.7** 129131 ns 2.7
ns

3.2*** 215.5*** 23019** 39676** 1936 ns

V*N 4 1.2
ns

0.03 ns 10.5 ns 1215 ns 26872.7 ns 28748.3
ns

1.5
ns

0.1 ns 2.9 ns 3235 ns 9552 ns 18721 ns

Error 18 2.7 0.1 7 7539.8 33692 60166.3 1.6 0.08 5.1 2259.7 5527.8 13338.1

*; signi�cant at p < 0.05, **; highly signi�cant at p < 0.01, *** very highly signi�cant at p < 0.0001, NS; non-signi�cant at p < 0.05, TNBPP; Total Number of
Boll Per Plant, ABW; Average Boll Weight, SCY; Seed Cotton Yield, TCY; Total Cotton Yield, LY; Lint Yield and Ginning Out Turn, SOV; Source of Variation, DF;
Degree of Freedom, Rep; Replication, N; Nitrogen and V; Varieties.

3.3.3. Seed cotton yield
The current study demonstrated that seed cotton yield was affected very highly signi�cantly (p < 0.01) by the main effects of N rates and highly signi�cantly
(p < 0.01) affected by the main effects of varieties; however their interaction was non-signi�cant at Metema and Tach-Armachiho sites (Table 7). The highest N
rate of 92 kg ha− 1 produced maximum seed cotton yield (1579.50 kg ha− 1) and (903 kg ha− 1), while the minimum seed cotton yield (830.50 kg ha− 1) and
(388.17 kg ha− 1) were recorded from unfertilized plot at Metema and Tach-Armachiho sites, respectively (Table 8). The highest cotton seed yield observed at
higher N rate might be due to the attribution of N to increased plant growth traits and average boll weight. This �nding is consonance with Adlah et al. [52]
reported that addition of nitrogen fertilizer from 150–200 kg ha− 1 was su�cient to harvest the maximum potential of seed cotton. The increase in yield
resulted because of enhancement in number of bolls, boll weight and greater production of reproductive biomass that contributed towards the increase in
cotton production. Other researchers Yang et al. [53] and Alitabar et al. [54] also reported that seed cotton increased with each increment of nitrogen levels.
Maximum yield was obtained at 150 kg N ha− 1, thereafter there were non-signi�cant differences between 150 and 225 kg N ha− 1.

Regarding effects of varieties the maximum seed cotton yield (1338.44 kg ha− 1) and (695.87 kg ha− 1) was recorded on Delta pine-90, while minimum
(1136.03 kg ha− 1) and (623.13 kg ha− 1) seed yield by Sisiku-02 at Metema and Tach-Armachiho experimental sites (Table 8). The seed yield difference
between varieties might be due to their genetic potential variation. Similar result observed by Wajid et al. [46], mentioned that varieties vary in seed cotton yield
due to difference in fruiting branches, productive bolls and boll weight. The result is also in line with Merdasa Balecha [49] and Kedir Wulchafo et al. [33], who
reported that Delta pine-90, produced higher seed cotton (1360 kg ha− 1) and (1437.1 kg ha− 1), respectively.
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Table 8
The main effect of varieties and nitrogen rates on the yield and yield components of cotton in Tach Armachiho and Metema district, 2018

Experimental site

  On Tach-Armachiho On Metema

Treat

ment

TNBP ABW

(boll g− 1)

GOT

(%)

LY

(kg ha− 1)

SCY

(kg ha− 1)

TSCY

(kg ha− 1)

TNBP ABW

(boll g− 1)

GOT

(%)

LY

(kg ha− 1)

SCY

(kg ha− 1)

TSCY

(kg ha− 1)

Varieties

Delta 5.67 5.37 a 41.19 b 489.93 b 695.87 a 1185 8.33a 5.22a 40.13b 894.85b 1338.44a 2233.29

Sisiku 5.07 4.72b 46.55 a 545.33 a 623.13 b 1169 7b 4.73b 46.17a 966.05a 1136.03b 2102.07

LSD NS 0.3 1.74 62.26 84.05 NS 1.25 0.25 2.03 66.61 140.81 NS

N rates (kg ha− 1)

0 4b 4.38b 43.13 292.33e 388.17 d 660.67 d 7.16 4.41b 43.22 631.70d 830.50c 1462.20d

23 4.67ba 4.92a 43.28 418.67d 543.33 c 961.67 c 7.5 4.50b 42.99 774.02c 1039.20c 1813.20c

46 6.16a 5.32a 43.67 544.33c 705.33 b 1249.83 b 7.83 5.11a 43.97 1012.51b 1299.50b 2312b

69 5.83a 5.28a 44.63 605.67b 757.67 b 1360.50 b 8.16 5.44a 42.51 1050.61b 1437.50ab 2488.10ab

92 6.17a 5.33a 44.65 727.17 a 903 a 1630.17a 7.66 5.41a 43.07 1183.40a 1579.50a 2762.90a

LSD 1.53 0.47 NS 98.44 132.9 225.7 NS 0.39 NS 105.3 222.64 297.53

CV 23.43 5.67 5.16 9.18 11.27 9.81 21.31 6.56 6.13 9.33 14.84 11.32

Mean 5.37 5.04 43.87 515.6 659.5 1177 7.67 4.97 43.15 930.5 1237.23 2167.68

Means in the same column and letters are not signi�cant at 5% signi�cance. LSD; Least Signi�cant Difference at 5% signi�cance, CV; coe�cient of
variation in percent, NS; Non-signi�cant, TNBP; Total Boll Number per Plant, ABW; Average Boll Weight, GOT; Ginning Out Turn in percent, LY; Lint Yield,
SCY; Seed Cotton Yield and TCY; Total Cotton Yield.

3.3.4. Total cotton yield
Results from the analysis of variance indicated that the main effect of N rates was very highly signi�cant (p < 0.0001) on total cotton production for both sites.
However, the main effect of variety and its interaction with N was non-signi�cant at both sites (Table 7). The nitrogen rate consistently increased the cotton
yield for each increment of 23 kg N ha− 1 rate. Highest total cotton yield (2762.90 kg ha− 1) and (1630.17 kg ha− 1) were obtained at the rate of 92 kg N ha− 1

but its response was insigni�cant with the addition of 69 kg N ha− 1 in Metema and Tach-Armachiho sites, respectively. The lowest total cotton yield (1462.20
kg ha− 1) and (660.67 kg ha− 1) were recorded at the control in Metema and Tach-Armachiho sites, respectively (Table 8). This result suggests that the
increments of N rate would increase cotton yield. In line with this result, Raza (2015) found that nitrogen fertilization increased cotton yield at the highest 200
kg ha− 1 level of nitrogen. The current �nding also con�rmed by Rashidi and Gholami [50], who stated that highest cotton yield 4363 kg ha− 1 was obtained at
200 kg N ha− 1.

3.3.5. Lint yield
Lint yield was very highly signi�cantly (p < 0.0001) affected by the main effect of nitrogen fertilizer rates at both sites and highly signi�cant (p < 0.01) in Tach-
Armachiho and signi�cant (p < 0.05) in Metema by main effect of varieties, but the interaction effect of the two factors was non-signi�cant in both sites
(Table 7). The highest lint yield (1183.40 kg ha− 1) and (727.17 kg ha− 1) were obtained at rate of 92 kg N ha− 1; while the lowest lint yield (631.70 kg ha− 1) and
(292.33 kg ha− 1) were found at the control at Metema and Tach-Armachiho, respectively (Table 8). This result showed that lint yield increased by the
application of each 23 kg ha− 1 nitrogen rate indicates that nitrogen fertilizer attributed to increased yield contributed traits like number of boll and boll weight.
The result agreed with Tekalign Ayissaa and Fassil Kebede [30] who found that the highest lint yield was from high nitrogen rate, while the lowest lint yield
obtained from less nitrogen rate. Main et al. [42] noticed that lint yield had a signi�cant response to applied nitrogen rate of 90 and 134 kg ha− 1 compared to
the response of 45 kg ha− 1 nitrogen rate. Similarly, Rashidi and Gholami [50] reported that application of optimal nitrogen rate has bene�cial effects on lint
yield.

With respect to the main effect of varieties the higher lint yield of (966.05 kg ha-1) and (545.33 kg ha-1) were recorded from variety Sisiku-02, while the lower
lint yield of (894.85 kg ha-1) and (489.93 kg ha-1) were recorded from Delta pine-90 Metema and Tach-Armachiho, respectively (Table 8). The reasons for high
lint yield under Sisiku-02 could be short duration varieties produced signi�cantly maximum lint percentage than long duration varieties, which indicated that
this agronomic trait were major contributor to lint yield. Similar result, obtained by Tekalign Ayissaa and Fassil Kebede [30] who observed that dwarf varieties
attained shorter and normal plant growth that may cause the plant to produce uniform branches and bolls in the lower and upper portion of the plant and
created favorable condition for reproductive structures of harvestable bolls as compared to taller varieties. The �nding also lined with Ibrahim et al. [45] who
reported that lint yield signi�cantly differed by the change of varieties.

3.3.6. Lint percentage (Ginning out turn)
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( )
The analysis of the variance revealed that the main effect of varieties very highly signi�cant (p < 0.0001) on lint percentage. However, neither the main effect
of nitrogen fertilizer nor their interaction had signi�cant effect for both sites (Table 7). The maximum lint percentage of cotton 46.17% and 46.55% were from
Sisiku-02 variety, while the minimum lint percentage 40.13% and 41.19% were recorded from Delta pine-90 variety at Metema and Tach-Armachiho,
respectively (Table 8). The fact that the Delta pine-90 had higher seed cotton yield compared to that negatively correlate with lint percentage. The ultimate
objective of cotton production is lint; to increase the lint productivity, lint percentage must increase. Considering the assumption of the research result to
increase lint percentage farmers should use improved variety than the old and less lint percentage variety. Zerihun Deselegn et al. [55] explained that lint
percentage is the most heritable of all the yield components. The result agrees with Samuel Damtew [51], who reported that varieties differed in their lint
percentage. In contrast, however, Saleem et al. [43] reported that lint percentage had an extremely narrow variance across varieties.

3.4. Correlation among Cotton Yield and Yield Component and Growth Traits
Cotton yield is dependent on its yield components and these are interrelated. The correlation coe�cient revealed that cotton yield was signi�cantly related to
most of the yield components and growth traits (Table 9). Total cotton yield was strongly correlated and very highly signi�cant with boll weight, number of
main stem nodes, total dry mater, plant height and number of main stem nodes at both sites and also height to node ratio and number of �rst fruiting branch
nodes strongly correlated and very highly signi�cant. However; the total cotton yield was non-signi�cant and positively correlated with number of bolls plant− 1

and non-signi�cant and negatively correlated with lint percentage at Metema (Table 9) and highly signi�cant correlated with seed yield, lint yield, number of
bolls plant− 1 and number of �rst fruiting branch nodes and the cotton yield and non-signi�cantly and positively correlated with height to node ratio and lint
percentage at Tach-Armachiho (Table 9). Similar �nding was observed by Munir et al. [56] and Indest [57] agronomic traits like growth, number of bolls, boll
weight and lint and seed yield major contributor to cotton yield had a positive effect on yield.

Lint yield was very highly signi�cantly and positive correlation with seed yield, boll weight, total dry mater and plant height and highly signi�cantly related to
number of main stem nodes, height to node ratio, number of �rst fruiting branch nodes and lint percentage had positively signi�cant relationship and non-
signi�cant and positive correlation with number of bolls plant− 1 at Metema (Table 9). Lint yield was very highly signi�cant and positive correlation with total
cotton yield, seed yield, number of bolls plant− 1, total dry mater, plant height, highly signi�cant and positive correlation with number of main stem nodes,
number of �rst fruiting branch nodes, signi�cant and positive correlation to boll weight and non-signi�cant and positive correlation with height to node ratio
and lint percentage at Tach-Armachiho (Table 9). This could be due to the nature of lint yield development is the result of boll weight, number of bolls, seed
yield and lint percentage, total dry mater, plant height and number of nodes. The �nding much with Indest [56] and Samuel Damtew [51] who reported that lint
yield had signi�cant and positively correlation with seed cotton yield, number of bolls, boll weight and lint percent.

The major factors that contributed to increase in lint, seed and total cotton yield at higher nitrogen rates of cotton varieties compared to the unfertilized crop
because of reduced shedding of squares which ultimately enhanced the photosynthetic activity which are converted into numerous metabolites thereby
resulting in rapid increase in growth characteristics and yield components leading towards achieving more cotton yield [52, 35].
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Table 9
Correlation coe�cients among yield and yield component and growth traits

Experimental
site

  GOT LY SCY TCY ABW TBNPP TDM PH NMSN

Metema GOT 1                

LY 0.36* 1              

SCY -0.29ns 0.78*** 1            

TCY -0.02ns 0.92*** 0.96*** 1          

ABW -0.18ns 0.68*** 0.82*** 0.81*** 1        

TBNPP -0.33ns 0.16ns 0.38* 0.31ns 0.30ns 1      

TDM 0.01 ns 0.81*** 0.80*** 0.85*** 0.78*** 0.28ns 1    

PH -0.33ns 0.68*** 0.89*** 0.85*** 0.82*** 0.45** 0.86*** 1  

NMSN -0.03ns 0.61** 0.64** 0.66*** 0.57** 0.19ns 0.53** 0.65*** 1

HNR -0.39ns 0.51** 0.76*** 0.69*** 0.71*** 0.47** 0.79*** 0.90*** 0.26ns

NFFBN -0.11ns 0.54** 0.63** 0.63** 0.59** 0.44** 0.63** 0.71*** 0.65**

Tach-
Armachiho

LY 1                

GOT 0.33ns 1              

SCY 0.91*** 0.08ns 1            

TCY 0.97*** 0.11 ns 0.98*** 1          

ABW 0.53* 0.44* 0.77*** 0.68*** 1        

TBNPP 0.54* -0.06ns 0.58** 0.58** 0.47** 1      

TDM 0.77*** -0.09 ns 0.85*** 0.83*** 0.62** 0.52** 1    

PH 0.85*** 0.01 ns 0.87*** 0.88*** 0.69*** 0.59** 0.77*** 1  

NMSN 0.61** -0.03 ns 0.67*** 0.66*** 0.44* 0.85*** 0.65*** 0.68*** 1

HNR 0.05 ns 0.08 ns 0.01 ns 0.03 ns 0.09 ns -0.47** -0.14 ns 0.15 ns -0

NFFBN 0.57** 0.13 ns 0.54** 0.56** 0.17 ns 0.48** 0.64** 0.52** 0.

Notes: *, ** and *** signi�cant, highly signi�cant and very highly signi�cant at 5%, 1% and 0.1% level of probability, respectively. NS: not signi�cant, GOT; Ginn
Seed Cotton Yield, TCY; Total Cotton Yield, ABW; Average Boll Weight, TBNPP; Total Boll Number Per Plant, TDM; Total Dry Mater, PH; Plant Height, NMSN; Nu
Height to Node Ratio and NFFBN; Number of First Fruiting Branch Nodes.

3.5. Partial Budget Analysis
Economic management of N fertilizer application is essential for pro�table crop production and to recommend for the study area. The partial budget analysis
revealed that variety Sisiku-02 at the application of 92 kg N ha − 1 gave the maximum economic bene�t of 43414 birr ha− 1 and 31275.40 birr ha− 1 with more
than acceptable level marginal rate of return of 627.16% and 505.36% over non fertilized plot that gave the minimum economic bene�t of 25721 birr ha− 1 and
13363.30 birr ha− 1 from variety Delta pine-90 and no application of N fertilizer at Metema and Tach-Armachiho, respectively (Table 10). The highest economic
bene�t in the present �nding demonstrated that nitrogen fertilization with the highest level of 92 kg ha− 1 enhanced the lint yields of variety Sisiku-02.
Therefore, according to partial budget analysis the recommended treatment for the study area for pro�table production and higher net bene�ts was
application of 92 kg N ha− 1 with variety Sisiku-02.



Page 13/16

Table 10
Results of the partial budget analysis for N rates and varieties of cotton lint and seed yield in Metema and Tach-Armachiho, 2018.

Experimental site

    On Tach-Armachiho On Metema

Varity N

(kg ha-
1)

Ad LY

(kg ha-
1)

Ad SCY

(kg ha-
1)

TVC

(ETB)

GB

(ETB)

NB

(ETB)

MRR

(%)

Ad LY

(kg ha-
1)

Ad SCY

(kg ha-
1)

TVC

(ETB)

GB

(ETB)

NB

(ETB)

MRR

(%)

Delta pine-
90

0 254.4 366.6 0 13363.3 13363.3 D 526 803 0 23762 23762 D

Delta pine-
90

23 321.9 486 890 17086 16196 318.28 665 1002 1105 29960 28855  

Delta pine-
90

46 462 642.6 1540 24082.7 22542.7 976.41 865 1290 2210 38854 36644 D

Delta pine-
90

69 543.3 760.5 2190 28359.4 26169.4 557.96 925 1475 2835 42329 39494 376.21

Delta pine-
90

92 623.1 875.7 2840 32552.6 29712.6 545.1 1047 1453 3460 46165 42705 D

Sisiku-02 0 271.8 332.1 0 13800.6 13800.6   612 692 0 25721 25721 716.21

Sisiku-02 23 431.7 492 890 21635.9 20745.9 780.36 728 869 1105 30983 29878 272.34

Sisiku-02 46 517.8 627 1540 26245.7 24705.7 609.21 958 1049 2210 40002 37792 D

Sisiku-02 69 546.9 603.3 2190 27249.4 25059.4 D 966 1112 2835 40776 37941 D

Sisiku-02 92 685.8 749.7 2840 34115.4 31275.4 505.36 1083 1390 3460 46874 43414 627.16

Ad LY = Adjusted lint yield; Ad SCY = Adjusted seed cotton yield; TVC = Total variable cost; GB = Gross bene�t; NB = Net bene�t; MRR = Marginal rate of
return; D = Dominated treatment; N = Nitrogen; ETB = Ethiopia birr. Sale price of lint yield = 41 Birr kg− 1, Sale price of seed cotton yield = 8 ETB kg− 1, Urea
cost = 12.5 ETB kg− 1 fertilizer application cost = 240 ETB ha− 1.

4. Conclusion
Application maximum N rate of 92 kg ha− 1 signi�cantly increased average boll weight, cotton seed, lint and total cotton yield compared to the untreated check
at both sites and number of bolls per plant also signi�cantly increased as N increased in Tach-Armachiho experimental site. Whereas the main effect of N
fertilizer rates did not show different response regarding on lint percentage in both sites. Most of cotton phenological traits hastened with lower N rates and
increased with each increment of fertilizer N except days to initial �owering. Main effect of varieties showed signi�cant difference on the phenological, growth,
yield and yield related traits except total cotton yield. The variety Delta pine-90 produced signi�cantly higher plant growth parameters than Sisiku-02 variety.
Maximum average boll weight and seed cotton yield were obtained on variety Delta pine-90 compared to variety Sisiku-02. However, higher lint and lint
percentage were recorded from variety Sisiku-02, while the lower lint and lint percentage were recorded from Delta pine-90 in Metema and Tach-Armachiho.
Signi�cantly maximum total boll numbers (8.33) was recorded from the variety Delta pine-90 at Metema and non-signi�cance due to main effect of varieties
at Tach-Armachiho. The variety Sisiku-02 exhibited better earliness as compared to Delta pine-90. The highest net bene�t 43414 and 31275.40 birr ha− 1 with
more than acceptable level of MRR of 627.16% and 505.36% was obtained at 92 kg N ha− 1 and Sisiku-02 variety at Metema and Tach-Armachiho,
respectively. Therefore, based on economic analysis, use of 92 kg N ha− 1 with Sisiku-02 variety could be considered as a preliminary recommendation for the
study area for pro�table cotton production.
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