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Abstract 
Top-shoot cuttings were evaluated as planting material with different planting time for rapid mul-
tiplication of potato. Plants produced from top-shoot cuttings planted on 25th November (T3) pro-
duced higher mean tuber yield (32.95 tha−1) than December planting. Total yield of potato in-
creased 122.8% from early one source crop plants due to taking two times cutting and it was 
89.7 % from late one source crop plants. Seed tuber yield increased 167.89% and 95.33% in early 
and late one source crop plants, respectively. The highest gross net return of Tk. 984,440 was 
found from whole tuber planted on 10th November with benefit cost ratio of 3.42. From top shoot 
cuttings, the highest net return of Tk. 739,600 was found in T3 (25th November planting) with ben-
efit cost ratio of 6.20. The crop grown from early planted top-shoot cuttings also produced higher 
percentage of A and B grade seed tubers than late planting. The results revealed that top shoot 
cuttings would be used in potato production for getting maximum economic return. 
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1. Introduction 
Potato is the important food crops in the world and it stands 3rd among the major food crops in Bangladesh. In 
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spite of its starchy tubers, potato is usually utilized as vegetables in Bangladesh. In terms of area and production, 
potato ranks first among the vegetables in Bangladesh and the production is about 8.95 million tons from 0.462 
million hectares [1]. Presently, the total seed potato requirement of the country is about 0.60 million tons to 
cover 0.46 million hectares of land [2]. Out of the total requirement, Bangladesh Agricultural Development 
Corporation (BADC) supplied only about 27,000 m. tons (4.11%) in 2014-2015 [2] that was used by the farmers 
as the replacement stock. So, there is a vast demand of quality seed tuber as planting material in the country [3]. 
The area and production of potatoes are increasing day by day due to its higher demand and profitability. More-
over, the yield of potato in Bangladesh is 19.37 tons per hectare, which is very low compared to other potato 
growing countries in the world. Several types of propagating materials like sprout cutting, top shoot cutting or 
stem parts with at least one bud, true potato seed, whole tuber and cut tuber are used for growing potatoes [4]. 
The length of growing period of potato is relatively short (around 90 days) during winter (Mid-November to 
mid-February) in all over Bangladesh [5]. Rashid [6] reported that 25% to 50% of the total cost was involved in 
seed potato tuber purchase due to high price during sowing time. To minimize the seed cost, farmers of many 
potato growing areas are using cut tubers with closer spacing for commercial potato production. But seed cost 
remains more or less same since the farmers use closer spacing for cut tubers instead of using whole tuber at 
wider spacing. According to Hossain [7], top-shoot cuttings are routinely used in seed potato production for 
breeder seed multiplication. By using top-shoot cuttings farmers can reduce their production cost. There is a 
scope to use top-shoot cuttings from the plants grown early in medium to high land for cultivating potato in low 
land by reducing seed cost.  

Appropriate and proper time of sowing is one of the basic requirements for obtaining maximum yield and 
high profit returns of potato [8]. Many experiments regarding sowing and transplanting time are being con-
ducted in different parts of the world which revealed that the total yield of the crop is markedly influenced by 
different sowing and transplanting times [9]-[11]. Early planted top-shoot cuttings produced more tubers per 
plant with a greater mean tuber weight than from the late planting [12]. But top-shoot cuttings are not being used 
by the farmers for potato production. It can be extended among the farmers providing them with appropriate 
production technology. Therefore the present study has been undertaken with the following objectives: 1) to as-
sess the yield performance, seed grades, yield potential of top-shoot cuttings; and 2) to determine the economics 
of potato tuber production by using of top-shoot cuttings. 

2. Materials and Methods 
2.1. Location, Test Crop and Agro-Climatic Condition 
Top-shoot cuttings were evaluated as planting material with different planting time for rapid multiplication of 
potato at Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU) during winter, 2011-2012. 
The location is situated at about 24˚23' north latitude, 90˚08' east longitude and an altitude of 8.4 m above sea 
level and adjacent to capital Dhaka city. Potato variety Diamant (BARI Potato-7) was used as test crop. During 
the growing period maximum and minimum air temperature, relative humidity (%), precipitation and evapora-
tion data were recorded throughout the crop period (Table 1). The air temperature was decreasing in trend from 
November to January and thereafter increased. 

 
Table 1. Agro-climatic data in average of the month during the growing period, 2011-2012.                               

Month 
Air temperature (˚C) Humidity 

(%) 
Rainfall 
(mm) 

Evaporation 
(mm) Max. Min. Ave. 

November 27.76 23.76 25.76 85.66 0.00 55.06 

December 24.80 16.58 20.69 90.70 5.19 208.15 

January 22.32 11.53 16.93 89.81 0.00 1.37 

February 27.31 13.24 20.28 87.66 0.00 3.6 

March 32.58 20.68 26.63 83.94 0.00 4.03 
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2.2. Design and Treatment 
The experiment was laid out in randomized complete block design (RCBD) with three replications. The treat-
ments were: T1 = Whole tuber planting at 1st November (1st Control), T2 = Whole tuber planting at 1st November 
for cutting; T3 = 1st cutting from T2 planted on 25th November; T4 = 2nd cutting from T2 on 5th December; T5 = 
Whole tuber planting on 10th November (2nd control); T6 = Whole tuber planting on 10th November for cutting; 
T7 = 1st cutting from T6 on 5th December and T8 = 2nd cutting from T6 on 15th December.  

2.3. Seed Preparation, Planting of Tubers and Stem Cutting 
The seed tubers were kept in a well-ventilated room and allowed to sprouting under light at night for obtaining 
healthy green sprouts prior to planting. In this process, 8 - 10 days were elapsed for sprouting. The sprouted tu-
bers were planted at 1st November (T1 and T2) and 10th November (T5 and T6). T1 and T5 were treated as control 
for producing normal crop. Treatments T2 and T6 were used as source of top shoot cuttings. First top-shoot cut-
tings with at least two nodes were taken from T2 at 25 days after planting (DAP) which were used as planting 
material for T3. Second cuttings were taken from (T2) at 10 days after first cutting which were used as planting 
material for T4. Cuttings were taken by slant cut with a sharp blade and the cut end immerged into water imme-
diately. Then the shoot cuttings were planted in the main plot after treating them with rooting hormone (Naptha-
lene Acetic Acid-16 ppm). Before planting the shoot cuttings in the experimental plots, the plots were irrigated 
properly so that the cut portion came to the soil and moisture contact. Similarly the top-shoot cuttings were tak-
en from T6 which were used as planting materials for T7 and T8 at 5th December and 15th December, respective-
ly.  

2.4. Fertilizer Application 
Full doses of cow dung (10 t∙ha−1), triple super phosphate (220 kg∙ha−1), muriate of potatsh (270 kg∙ha−1), gyp-
sum (120 kg∙ha−1), boric acid (6 kg∙ha−1) and half dose of urea (175 kg∙ha−1) were applied at final land prepara-
tion. The rest half of urea (175 kg∙ha−1) was top dressed at 30 DAP followed by earthing up and light irrigation. 
Ridge method was used for whole tuber planting (T1, T2, T5 and T6) treatments.  

2.5. Intercultural Operation 
Healthy top shoot cuttings were planted in well watered flat bed. After establishment of the shoot cuttings, ridge 
was made by earthing up of sides. Intercultural operations such as weeding and earthing up were done manually. 
Earthing up was done two times, first earthing up was done at 30 DAP when the plant attained a height of about 
15 - 20 cm from the base, second time was done at 20 days after the first earthing up. Before the first earthing up, 
urea was applied. Irrigation was applied five times. The first one was applied at two weeks after planting, the 
second one was just after earthing up (30 DAP), the third one was at 45 DAP, the 4th one on 60 DAP, and the 
last one was at 75 DAP. During land preparation, Furadan 5G was applied 10 kg/ha as basal to control soil borne 
insects and Malathion (0.2%) sprayed in two installments at 45 and 60 DAP control foliar insects. Dithane-M 45 
(0.2%) and Secure (0.1%) sprayed alternately five times at 30, 40, 50, 60, 70 DAP to prevent the late blight dis-
ease [13]. Haulm pulling was done at 80 DAP in all treatments. Hardening and setting up of skins of tubers were 
allowed for 10 days under the soil and there after the crop was harvested at 90 DAP.  

2.6. Data Collection 
2.6.1. Yield of Tubers 
The gross yield of tubers per plot was recorded by taking weight of the harvested tubers from all plants of a unit 
plot and was converted into yield in tons per hectare by using following formula:  

( ) ( ) ( )Yield ton ha Tuber yield per plot kg 10 Area of plot sq m= × ⋅               (1) 

2.6.2. Tuber Grade by Number (%) 
All the tubers from the randomly selected five plants were graded into four groups by number (under size ≤ 28 
mm, Grade A = 28 - 40 mm, Grade B = 41 - 55 mm and Over size ≥ 55 mm) and expressed in percentage. By 
using the following formula percentage of each grade was calculated. 
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( ) ( ) ( )Tuber grade by number % Number of tubers of particular grade Total number of tubers 100= ×      (2) 

2.6.3. Tuber Grade by Weight (%) 
All the tubers from the randomly selected five plants were graded into four groups by weight (under size ≤ 28 
mm, Grade-A = 28 - 40 mm, Grade-B = 41 - 55 mm and over size ≥ 55 mm) and expressed in percentage. By 
using the following formula percentage of each grade was calculated. 

( ) ( ) ( )Tuber grade by weight % Weight of tubers of particular grade Weight of tubers 100= ×          (3) 

2.7. Data Analysis 
Recorded data on tuber yield, grades of tuber by weight and by number were analyzed statistically using the 
software MSTATC (Developed by the Department of Crop and Soil Sciences, Michigan State University, East 
Lansing, MI 48824 USA). Significance between treatments were tested by using Duncan Multiple Range Test 
(DMRT) at p < 0.05 level. Benefit cost ratio (BCR) was calculated according to Khan et al. [14]. 

3. Results and Discussion 
3.1. Yield  
Tuber yield per hectare significantly influenced by planting time (Table 2) and ranged from 18.89 to 42.56 
t∙ha−1. Yield decreased in stem cuttings with delayed planting. The highest tuber yield (42.56 t∙ha−1) was ob-
tained from whole tuber planted at 10th November (T5) which was statistically similar with planted at 1st No-
vember (T1) yielded 41.84 t∙ha−1. In case of top-shoot cutting, early planted cuttings (25th November) produced 
maximum tuber yield of 32.95 t∙ha−1 followed by 5th December planting (25.65 t∙ha−1). The lowest yield (18.89 
t∙ha−1) was found in late planted (15th December) cuttings. Tuber yield of potato increased 122.8% (41.84 t∙ha−1 
to 93.23 t∙ha−1) from early one source crop due to taking two times cuttings, while it was 89.7% (from 42.56 
t∙ha−1 to 80.75 t∙ha−1) from late one source crop. Tuber yield reduced in the treatments T4, T3 and T2 compared to 
its corresponding control (T1).  

The plants used for cuttings produced from whole tuber planted at 1st November (T2) showed 17.2 % of yield 
reduction compared to control (T1) might be due to two times top shoot cuttings that reduced photosynthetic area 
and resulted in lower yield. Photosynthesis is positively related with the leaf area and foliage coverage [15]. 
Many authors previously reported similar results on seed tuber multiplication through top shoot cuttings ([4] [12] 
[16] [17]). 

 
Table 2. Effects of planting time on tuber yield and yield increase or decrease as compare to respective control.             

Treatments Yield 
(t∙ha−1) 

Cumulative  
yield (t∙ha−1) 

Yield increase (%)  
with destructive  

haulm 

Yield decrease as  
compare to  

respective control (%) 

Yield decrease (−)/increase (+)  
in 2nd planting as  

compare to 1st planting (%) 

T1 41.84 a 41.84 - - - 

T2 34.63 c 93.23 122.8 17.2 - 

T3 32.95 d - - 21.2 - 

T4 25.65 e - - 38.7 - 

T5 42.56 a 42.56 - - 1.7 

T6 37.52 b 80.75 89.7 11.8 8.3 

T7 24.34 e - - 42.8 −26.1 

T8 18.89 f - - 55.6 −26.4 

CV (%) 5.01     

Level of  
significance 

**  

Means bearing same letter in a column do not differ significantly at 1% level of probability. 
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Again, 21.2% and 38.7% yield reduction was observed in top shoot cuttings treatments T3 and T4, respective-
ly. Top-shoot cutting plants needed more time for its establishment and plants got less time to tuber initiation 
and development resulting lower yield. Similar trend was observed in the treatments T5, T6, T7 and T8. The yield 
reduction was higher in the treatments T7 and T8 (42.4% and 55.6% respectively) due to late planting of top- 
shoot cuttings which took more time to establish and simultaneously faced higher temperature which was not 
suitable for tuber initiation and development [18]. But increased yield was found in T5 and T6 (1.7% and 8.3%, 
respectively) compared to respective T1 and T2. It might be due to getting more favorable environment as a re-
sult of proper time planting in Bangladesh situation. The crop produced from top-shoot cuttings planted at 5th 
and 15th December (T7 and T8 respectively) showed more yield reduction (26.1% and 26.4% respectively) 
compared to the cuttings planted on 25th November (T3) and 5th December (T4) due to prevailing higher tem-
perature. Early planted tubers favors the better vegetative growth of plants than late planted tubers which ulti-
mately favors the healthier production of top shoots and resulted better establishment of the cuttings [17]. This 
practice caused production of vigorous plants with better plant height having more number of leaves which ul-
timately favors in more photosynthesis; a necessary component for obtaining higher yield [19]. Previous studies 
reported that the yield decreases with delayed planting [9]-[11]. Yield reductions in delayed planting regardless 
of the precocity and the type of planting materials [20]-[22]. These results are in conformity with the findings of 
Akhter et al. [23]. 

Seed tuber yield increased 167.89% (30.96 t∙ha−1 to 82.94 t∙ha−1) from early one source crop due to taking two 
times cuttings, while it was 95.33% (from 37.88 t∙ha−1 to73.99 t∙ha−1 cumulative yield) from late one source crop 
(Table 3). Number of cumulative seed tuber increased from 918519 to 1560741with 69.91% increased from 
early one source crop due to taking two times cutting, while it was 63.19% (from 923,704 to 1,507,408) from 
late one source crop. 

3.2. Tuber Grade (% by Number and by Weight) 
Planting time of top shoot cutting of potato had significant effects on tuber grade by number (Table 4). Maxi-
mum percentage (53.3%) of A grade (28 - 40 mm) seed by number was recorded from T4 followed by T7 
(53.10%) and T2 (52.80%) which were statistically similar. The lowest percentage (45.6%) of A-grade seed was 
recorded from T3. Highest percentage (36.50%) of B-grade (41 - 55 mm) seed was obtained from T6 followed by 
T5 (33.60%) and T7 (33.30%). The lowest percentage (24.0) of B-grade seed was recorded in T2. 

Planting time of top shoot cuttings of potato on tuber grade by weight was significant (Table 4). Maximum 
percentage (70.20%) of A-grade seed (28 - 40 mm) was found in T8 and minimum percentage (25.50%) of 
A-grade seed was found in T3. The highest percentage (65.90%) of B-grade seed (41-55mm) was found in T6 
which was followed by T4 (63.70), T7 (61.0%) and T3 (60.30%). The lowest percentage (21.6) of B-grade seed 
was found in T8. The highest percentage (14.20%) of non-seed tuber (<28 mm and >55 mm) was found in T3 
followed by T5 (11.00%) and the lowest percentage (7.10%) fromT2.The highest percentage (26.00%) of 
non-seed (<28 mm + >55 mm) was found from T1 followed by T2 (23.20%) and T3 (22.00%) which were statis- 

 
Table 3. Seed yield potential of potato with non-destructive haulm due to cuttings at different time.                        

Planting  
time 

Seed yield 
(t∙ha−1) 

Cumulative 
seed yield  

(t∙ha−1) 

Seed yield increase  
(%) with destructive  

haulm 

Seed tuber (no/ha) Number increase  
(%) with  

destructive haulm Actual tuber Cumulative tuber 

T1 30.96 30.96 - 918,519 918,519 - 

T2 31.86 82.94 167.89 834,815 1,560,741 69.91 

T3 28.00 - - 355,556 - - 

T4 23.08 - - 370,370 - - 

T5 37.88 37.88 - 923,704 923,704 - 

T6 34.89 73.99 95.33 852,593 1,507,408 63.19 

T7 21.91 - - 337,778 - - 

T8 17.19 - - 317,037 - - 
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tically similar and the lowest percentage (13.60%) of non-seed was found in T7 followed by T4 (14.7%) and T6 
(16.8%). Potato produced from stem cutting revealed that delayed planting reduced total tuber number and po-
tato grade. These results are in conformity with the findings of [24] [25]. 

3.3. Economic Analysis 
Variations in benefit cost ratio (BCR) were observed among the treatments (Table 5). In case of top shoot cut-
tings, high labor involvement required compared to whole tuber planting. In seed production of potato from 
whole tuber planting, total cost was the highest (Tk. 288,000) in treatments T1, T2, T5 and T6 and was the lowest 
(Tk. 119,367) in treatments T3, T4, T7 and T8. The highest gross return of Tk. 984,440 was found in T5 and the 
lowest from T8 (TK. 443,190). 

Considering seed production from top shoot cuttings, total cost was the minimum in the treatments T3, T4, T7 
and T8 and it was Tk. 119,367. The highest gross return of Tk. 739,600 was found in T3 followed by T4 (Tk. 
597,560). The lowest net return of Tk. 443,190 was found in T8. The maximum benefit cost ratio (BCR) of 6.20 
also recorded from T3 followed by T4. The overall BCR was obtained higher in top shoot cuttings than whole  

 
Table 4. Effects of planting time on tuber grade by number and weight.                                                

Treatment 
% Grade by number % Grade by weight 

Grade A 
(28 - 40 mm) 

Grade B 
(41 - 55 mm) 

%Non-seed 
(<28 mm + >55 mm) 

Grade A 
(28 - 40 mm) 

Grade B 
(41 - 55 mm) 

%Non-seed 
(<28mm + >55mm) 

T1 48.1 25.9 26.0 38.2 53.0 8.9 

T2 52.8 24.0 23.2 44.3 48.5 7.1 

T3 45.6 32.5 22.0 25.5 60.3 14.2 

T4 53.3 32.0 14.7 26.8 63.7 9.4 

T5 48.7 33.6 17.7 42.5 46.5 11.0 

T6 46.7 36.5 16.8 27.1 65.9 7.0 

T7 53.1 33.3 13.6 29.8 61.0 9.2 

T8 50.9 28.9 20.2 70.2 21.6 8.2 

Level of  
significance 

** ** ** ** ** ** 

CV (%) 8.08 7.91 8.64 11.75 10.10 9.36 

 
Table 5. Partial budget analysis of potato for different treatment combinations of top shoot cutting and control.                

Treatment Total material 
cost (Tk.) 

Total 
non-material  

cost (Tk.) 

Total variable 
cost (Tk.) 

Gross return (Tk./ha) Total gross  
return (Tk./ha) 

Net return  
(Tk.) BCR 

Seed Non-seed 

T1 218,600 69,400 288,000 774,000 84,160 858,160 570,159 2.98 

T2 218,600 69,400 288,000 796,500 22,160 818,660 530,659 2.84 

T3 45,034 74,333 119,367 700,000 39,600 739,600 620,233 6.20 

T4 45,034 74,333 119,367 577,000 20,560 597,560 478,193 5.01 

T5 218,600 69,400 288,000 947,000 37,440 984,440 696,439 3.42 

T6 218,600 69,400 288,000 872,250 21,040 893,290 605,289 3.10 

T7 45,034 74,333 119,367 547,750 19,440 567,190 447,823 4.75 

T8 45,034 74,333 119,367 429,750 13,440 443,190 323,823 3.71 

1 USD = 78.30 Tk. 
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tubers being no required seed cost. Our study revealed that the BCR for whole tuber planting was the highest at 
mid-November planting and for the top shoots cutting; BCR was highest at early planting of top shoot cutting. 
Many authors previously reported similar results on seed tuber multiplication [26]-[28]. 

4. Conclusion 
Early planted top shoot cutting (25th November planting) yielded maximum than late planting (December). The 
crop grown from early planted top-shoot cuttings produced higher percentage of A- (28 - 40 mm) and B-grade 
(41 - 55 mm) seed tubers than late planting. For getting maximum benefit top shoot cuttings would be used in 
potato production rather than the plants produced from whole tubers.  
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