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Abstract: This study was conducted to investigate the effect of different levels of nitrogen (N), phosphorus
(P O ) and potassium (K O) fertilizers on yield components of True Potato Seed (TPS) using crosses of  MF-II2 5 2

and  TPS-67. Twenty seven combinations of 3 N doses @ 175, 200, 225 kg ha , 3 P doses @ 50, 75, 100 kg1

ha  and 3 K doses @ 125, 150, 175 kg ha , respectively were applied to MF-II. Results exhibited that different1 1

levels of N, P and/or K had significant effects on seed yield and 1000-seed weight. Out of 27 treatment
combinations, 200 kg N ha , 75 kg P ha  and 175 kg K ha  produced the highest total yield of seed (126.501 1 1

kg ha ), whereas 225 kg N ha , 75 kg P ha  and 150 kg K ha  produced maximum average weight of 1000-1 1 1 1

seed (791.40 mg) and 200 kg N ha , 50 kg P ha  and 150 kg K ha  produced the maximum total weight of seed1 1 1

plant  (1435.00 mg). Our study showed that although 200 kg N ha , 75 kg P ha  and 175 kg K ha  was the1 1 1 1

best combination for the production of maximum quantity of TPS, but on the basis of 1000-seed weight 225 kg
N ha , 75 kg P ha  and 150 kg K ha  combination was suitable for the production of quality TPS. 1 1 1

Key words: NPK  Seed yield  True Potato Seed (TPS)  1000-seed weight

INTRODUCTION increases shoot biomass and enhances the bloom of

True Potato Seed (TPS) technology was proposed as role, N plays in the production of high quality seed;
a captivating alternative that would be able to overcome attempts to increase flowering, berry setting and TPS
the problems associated with seed tubers, especially for quality without an application may be little significance
small scale farmers, by several authors [1-4]. The hybrid [12]. Application of N also affects TPS weight [13], which
TPS of 100-150 kg ha  can be produced using male is an important criterion for selecting high-yielding1

sterility and mother plant management [4]. However, the progenies [14]. Application of P up to a certain amount
success of potato production using TPS largely depends also positively correlates with flowering, berry setting,
on the productivity of quality TPS [5]. The production of seed weight and TPS production [7]. The effects of K,
quality seed is strongly influenced by fertilizers. Among however, are different from those of N and P. With a high
them N, P, K and their interactions are the most important rate of K application, the TPS mother plant shows a
for improving not only the quality but also the yield of negative response of 1000-TPS weight and poor response
TPS [6, 7]. of TPS production [6]. The effects of combinations of N,

Application of nitrogen enhances the export of P and/or K are more complicated and have been less
cytokinins from the roots to the shoots resulting in studied comparing with the effects of the single
delayed senescence of the plants.  Berries,  therefore, applications.
have a longer time to mature on the mother plants and a However, the nutritional requirements of potato
better chance for high quality seed production [8, 9]. mother plants for the production of quality TPS have not
Application of a higher level of nitrogen (N) than that been investigated well, especially under conditions in
required for the production of maximum tuber yield which  the  most  promising parental lines (  MF-II and 

potato mother plants [10, 11]. Because of the important
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TPS-67) in Bangladesh were grown for TPS production. In procedures as reported by Thakur and Upadhaya [17] in
the present study, therefore, an attempt has been made to parental lines. Staking is done to prevent the lodging of
determine the optimum combination of N, P and K both male and female parent using bamboo sticks. Pruning
fertilizers for the production of TPS. and trimming was also done to provide the even

MATERIALS AND METHODS intercultural operation. 

Field Locations and Soil: This experiment was conducted Extraction of TPS: Berries were harvested 5 to 6 weeks
at the Agronomy research field of Sher-e-Bangla after pollination, when they just started to ripen. Berries
Agricultural University, Dhaka, Bangladesh situated at from 5 plants in the middle row of each plot were collected
23 77´ N latitude and 90 37´ E longitude at an altitude of in net bags and stored for 7 to 10 days at room0 0

8.6 meter above the sea level during the period from temperature to induce after ripening. Berries were then
November 2013 to March 2014. The experimental site is classified into 3 sizes, i.e. large: >3 cm, medium: 2-3 cm and
under subtropical humid climatic conditions with a total small: <2 cm. Well ripened soft berries were crushed
annual rainfall was 218 mm and an average monthly mechanically, allowed to ferment for 24 hr at room
maximum and minimum temperature were 29.45 C and temperature and then washed under running tap water
13.86 C, respectively. The soil of the experimental site through a 0.5 mm mesh strainer. The collected seeds were
was silt loam in texture, with pH 6.4, organic carbon 0.68%, treated with 10% HCl for 20 min with continuous stirring
total nitrogen 0.08%, available phosphorus 10.99 mg kg , and then washed well with tap water. The seeds were then1

available potassium 0.05 meq/100g and available sulphur treated with 0.5% sodium hypochlorite solution for 10 min
10.5 mg kg . and finally washed 3 to 4 times with distilled water. The1

Experimental Materials: For production of hybrid TPS, content was reduced to about 7% and then stored in
parental lines were MF-II (Solanum tuberosum L.) as desiccators for 15 days for further reduction of the
female and TPS-67 (Solanum andigena L.) as male [15], moisture content to 4.0-4.5%. Thereafter, the seeds were
which were promising parental lines for the production of weighed.
quality TPS in Bangladesh [16]. 

Procedure for Treatment Application: Twenty seven characters were statistically analyzed following the
combinations of fertilizers from 3 different levels of N, P analysis of variance techniques by using MSTAT-C
and K i.e., N  = 175 kg ha , N  = 200 kg ha , N  =225 kg computer package programme and the treatment means1 2 3

1 1

ha ; P  = 50 kg ha , P  = 75 kg ha , P  = 100 kg ha ; K were compared by Least Significant Difference (LSD) at1 1 1 1
1 2 3 1

= 125 kg ha , K  = 150 kg ha  and K  = 175 kg ha  were 5% level of probability [18].1 1 1
2 3

applied in a three factors split-plot design with 3
replications each. N was assigned to main plot, P to sub RESULTS AND DISCUSSION
plot, K to sub-sub plot. The entire quantity of P, half K
and 1/3 N were applied during final land preparation. After Seed Weight Plant  (mg): Seed weight plant  obtained
30 DAP, 2/3 of N and rest of K per hectare were applied on from small, medium, large size berries and total seed
both sides of the plant rows. After side dressing, the weight plant  significantly influenced by different NPK
second earthing up was done. The rest amount of N were treatments (Fig. 1, 2 and 3). Seed weight plant  obtained
applied at 50 DAP just after 3rd earthing up. from berries of different size and total seed weight plant

Production of TPS: Well sprouted whole tubers for both N ha , 75 kg P ha  and 150 kg K ha  after that it was
parental lines were planted by maintaining 75 cm line to gradually decreased as 225 kg N ha , 100 kg P ha  and
line and 25 cm plant to plant distance. Being the prevailing 175 kg K ha . The increase in the weight of seed plant
climatic condition of Bangladesh is not favored to flower was contributed mostly by the increased number of seeds
the potato plant, so the natural photoperiod was extended per berry and higher weight of 1000 seeds. It might be due
up to 16 hrs with the use of 400 watt high pressure sodium to increased rate of fertilizers increased the assimilation
light bulbs placed 8 m above the crop field from 25 DAP and ultimately increased the sink sizes and finally increase
up to completion of harvesting of berries. Artificial the seed weight plant . These findings also supported
pollination (9:00-11:00 am) was done according to the by Karien et al. [19].

distribution of light and to facilitate pollination and

seeds were dried at room temperature until the moisture

Statistical Analysis: The data obtained for different

1 1

1

1

1

increased with an increasing N, P and K levels upto 200 kg
1 1 1

1 1

1 1

1
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N  = 175 kg ha , N  = 200 kg ha , N  =225 kg ha1 2 3
1 1 1

Fig. 1: Effect of nitrogen on weight of seeds plant obtained from berries of different sizes (LSD value=4.682, 3.473, 3.1251

and 2.906 mg, respectively for <2cm, 2-3 cm, >3 cm  and total weight of seeds plant ).1

P  = 50 kg ha , P  = 75 kg ha , P  = 100 kg ha1 2 3
1 1 1

Fig. 2: Effect of phosphorus on weight of seeds plant obtained from berries of different sizes (LSD value=0.949, 0.999,1

0.701 and 0.584 mg, respectively for <2 cm, 2-3 cm, >3 cm and total weight of seeds plant ).1

K  = 125 kg ha , K  = 150 kg ha , K  = 175 kg ha1 2 3
1 1 1

Fig. 3: Effect of potassium on weight of seeds plant obtained from berries of different sizes (LSD value=0.949, 0.999,1

0.701 and 0.584 mg, respectively for <2 cm, 2-3 cm, >3 cm and total weight of seeds plant )1
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Table 1: Interaction effect of NPK fertilizer on weight of different size berry, total weight of seeds kg  berry and total seed yield of MF-II×TPS-671

Weight of seeds plant  obtained1

from berries of different sizes (mg)
Treatment -------------------------------------------------------------------------------- Total weight of Total seed
combination <2 cm 2-3 cm >3 cm seeds plant (mg) yield (kg ha )1 1

N P K 356.40 q 447.40 q 336.20 o 1140.00 u 99.48 l-n1 1 1

N P K 381.40 o 445.80 q 329.80 p 1157.00 t 98.15 mn1 1 2

N P K 398.00 kl 467.20 m 328.00 p 1193.20 r 96.83 n1 1 3

N P K 351.40 r 442.80 r 341.20 n 1135.40 u 102.20 k-n1 2 1

N P K 374.40 p 445.60 q 347.40 m 1167.40 s 103.20 j-n1 2 2

N P K 405.40 i 472.00 kl 362.00 l 1239.40 o 105.50 i-m1 2 3

N P K 384.80 n 453.60 p 387.00 h 1225.40 p 118.20 b-e1 3 1

N P K 400.40 jk 469.80 l 387.60 h 1257.80 n 114.60 c-g1 3 2

N P K 421.80 f 488.20 h 405.60 ef 1315.60 h 120.10 a-d1 3 3

N P K 389.40 m 484.20 i 414.40 b 1288.00 jk 104.60 i-m2 1 1

N P K 475.20 a 546.20 a 413.60 b 1435.00 a 109.20 g-k2 1 2

N P K 436.40 d 514.40 d 409.60 d 1360.40 d 105.80 i-m2 1 3

N P K 408.60 h 472.40 k 412.40 bc 1293.40 j 120.10 a-d2 2 1

N P K 445.80 c 525.00 c 403.60 f 1374.40 c 124.00 ab2 2 2

N P K 426.40 e 501.60 f 418.00 a 1346.00 e 126.50 a2 2 3

N P K 397.60 kl 465.40 m 412.40 bc 1275.40 l 110.20 f-j2 3 1

N P K 470.60 b 507.60 e 406.00 e 1384.20 b 113.70 d-h2 3 2

N P K 413.00 g 480.80 j 410.60 cd 1304.40 i 111.70 e-i2 3 3

N P K 395.60 l 499.00 g 390.80 g 1285.40 k 111.20 e-i3 1 1

N P K 434.20 d 536.00 b 391.00 g 1361.20 d 105.70 i-m3 1 2

N P K 426.00 e 509.20 e 387.00 h 1322.20 fg 103.00 j-n3 1 3

N P K 373.20 p 456.80 o 383.40 i 1213.40 q 117.60 b-f3 2 1

N P K 420.20 f 502.60 f 405.00 ef 1327.80 f 124.60 ab3 2 2

N P K 400.40 jk 490.40 h 392.20 g 1283.00 k 121.80 a-c3 2 3

N P K 391.60 m 460.00 n 373.40 k 1225.00 p 106.70 h-l3 3 1

N P K 421.20 f 516.60 d 380.00 j 1317.80 gh 110.70 e-j3 3 2

N P K 401.60 j 483.60 i 381.40 ij 1266.60 m 110.20 f-j3 3 3

Level of Significance ** ** ** ** **
N×P ** ** ** ** **
P×K ** ** ** ** ns
N×K ** ** ** ** **
LSD for (N×P), (0.05)

(P×K) and (N×K) 8.66 7.35 9.40 9.33 4.44
LSD for interactions 0.16 0.13 0.10 0.10 7.69(0.05)

N  = 175 kg ha , N  = 200 kg ha , N  =225 kg ha , P  = 50 kg ha , P  = 75 kg ha , P  = 100 kg ha , K  = 125 kg ha , K  = 150 kg ha , K  = 1751 2 3 1 2 3 1 2 3
1 1 1 1 1 1 1 1

kg ha .1

**: significant at p<0.01 and *: significant at p<0.05. 
Different lowercase letters beside the mean value indicate significant at p<0.05 or p<0.01.

Different levels of NPK fertilizers had significant Total Seed Yield (kg ha ): Different levels of N, P and K
effect on seed weight plant  obtained from different size had significant response on total yield of seed (Fig. 4).1

berries and total seed weight plant  of TPS mother plant Total yield of seed increased with the increasing N, P and1

(Table 1). At <2cm, 2-3cm and total seed weight plant , K level upto 200 kg N ha , 75 kg P ha and 150 kg K ha1

the highest seed weight plant  was recorded in N P K then slightly decreased with increasing N, P and K level.1
2 1 2

(475.20, 546.20 and 1435.00 mg, respectively) and lowest Total seed yield (kg ha ) showed a significant response
was found in N P K  (351.40, 442.80 and 1135.40 mg, with nitrogen and phosphorus levels. Highest seed yield1 2 1

respectively). In case of >3 cm, the highest seed weight was found at 200 kg N ha  and 75 kg P ha  which is
plant  (418.00 mg) produced from N P K  and the lowest similar to the findings of Upadhya et al. [7]. The seed1

2 2 3

was from N P K and N P K (328.00 and 329.80 mg, yield is strongly related with reproductive growth of1 1 3 1 1 2

respectively). potato  mother  plant. But, competition between shoot and

1

1 1 1

1

1 1
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N  = 175 kg ha , N  = 200 kg ha , N  =225 kg ha , P  = 50 kg ha , P  = 75 kg ha ,1 2 3 1 2
1 1 1 1 1

P  = 100 kg ha , K  = 125 kg ha , K  = 150 kg ha , K  = 175 kg ha3 1 2 3
1 1 1 1

Fig. 4: Effect of NPK fertilizer on total seed yield of potato mother plant (LSD value=5.21, 2.57 and 2.57, respectively for
N, P and K)

N  = 175 kg ha , N  = 200 kg ha , N  =225 kg ha1 2 3
1 1 1

Fig. 5: Effect of nitrogen on 1000-seed weight obtained from berries of different sizes (LSD value= 4.77, 4.77, 4.77 and
4.76 mg, respectively for <2 cm, 2-3 cm, >3 cm and average weight of 1000 seed)

tuber production affect seed yield [20]. So, it could be The 1000-seed weight increased with the increasing of
reduced if N applied interspatially because of successive nitrogen  levels  (Fig.  5).  Dayal  et al.  [14] pointed out
growth of shoots and roots [11]. In our present study, we that 1000 TPS weight should be used as a parameter for
found that increasing the K level increased the seed yield the selection of high yielding progenies. Nitrogen
upto 150 kg ha  thereafter slightly decreased at 175 kg fertilization  has  been associated with high protein1

ha . Roy et al. [21] reported that, the seed yield content in wheat [22] and barley [23] seeds. Increase in1

decreased with increasing of K rate. This was probably seed protein was in turn associated with a decrease in
due to competition between tubers and aerial plant parts, endosperm  starch  [24].  The   density   of   starch is
because K which is absorbed from the soil is about 0.8 g cm   and that of protein ranges from 1.3 to
predominantly incorporated into tubers rather than shoots 1.45 g cm  [25].  Since  the  increase  in  endosperm
[19]. protein reduces endosperm starch content, high seed

Total yield of seed was significantly influenced by protein  was  associated  with  heavier seed. The increase
different levels of NPK fertilizers (Table 1). The highest in 1000-seed weight due to N application in this study
total seed yield was calculated from N P K  (126.50 kg might be related to its role and contribution to protein2 2 3

ha ) which was statistically at par with N P K , N P K , synthesis.1
3 2 2 2 2 2

N P K , N P K and N P K whereas, the lowest was In case of phosphorus, 1000-seed weight increased3 2 3 2 2 1 1 3 3

obtained from N P K (96.83 kg ha ) which was with increasing P levels upto 75 kg ha  thereafter1 1 3
1

statistically  -similar with N P K N P K N P K , N P K gradually decreased at 100 kg ha  (Fig. 6). With1 1 2, 1 1 1, 1 2 1 3 1 3

and N P K . increasing the P rate the 1000 TPS weight and average1 2 2

1000-Seed  Weight  (mg):  Different levels of NPK Pallais et al. [26] reported the similar results as our present
fertilizer exerted significant effect on 1000-seed weight experiments P at 120 kg ha  and smaller berries produced
obtained from berries of different sizes (Fig. 5, 6 and 7). the fewer TPS. 

3

3

1

1

weight of 1000-seeds was increased upto 75 kg ha .1

1
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P  = 50 kg ha , P  = 75 kg ha , P  = 100 kg ha1 2 3
1 1 1

Fig. 6: Effect of phosphorus on 1000-seed weight obtained from berries of different sizes (LSD value=1.05, 1.05, 1.05 and
1.05 mg, respectively for <2 cm, 2-3 cm, >3 cm and average weight of 1000 seed)

K  = 125 kg ha , K  = 150 kg ha , K  = 175 kg ha1 2 3
1 1 1

Fig. 7: Effect of potassium on 1000-seed weight obtained from berries of different sizes  (LSD value=1.05, 1.05, 1.05 and
1.05 mg, respectively for <2 cm, 2-3 cm, >3 cm  and average weight of 1000 seed)

Among the K levels, maximum 1000-seed weight required for protein synthesis in higher plants and is
produced  by  125 kg ha  after that slightly decreased thought to be involved in the translation and binding of1

with increasing K levels (Fig. 7). High quality TPS tRNA in the ribosomes [28]. In K deficient and K
progenies  had  the  higher  1000-seed weight. The effect sufficient tobacco plants, total 15N taken up and
of K on TPS weight has not been reported although its incorporated into protein N was 11 and 32%, respectively
influence on fruit yield is well known. Albregts et al. [27] [28].
reported a positive linear fruit weight response to K in Combined application of N, P and K fertilizers had
strawberry  (Fragacia  x  ananassa  Duch.). They found significant influence on 1000-seed weight obtained from
that  leaf K  concentrations  correlated  well with the K berries of different sizes (Table 2). In case of small (<2cm),
rates from 56 to 224 kg ha . In the present study, 125 kg medium (2-3 cm), large (>3cm) size berry and average 1000-1

K  ha   increased seed weight and favored K seed weight, the highest weight was produced in N P K1

accumulation in the berries. The increase in seed weight (789.9, 791.3, 792.9 and 791.4 mg, respectively) and the
due to K application may be related to its role in protein lowest was obtained in N P K (691.4, 692.8, 694.3 and
synthesis as well as K's own weight. Potassium is 692.8 mg, respectively).

3 2 2

1 1 3
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Table 2: Interaction effect of NPK fertilizer on 1000-seed weight obtained from berries of different sizes and average weight of 1000 seed in MF-II×TPS-67

1000-seed weight obtained from berries of different sizes (mg)
Treatment -------------------------------------------------------------------------------------------------------- Average weight
combination <2 cm 2-3 cm >3 cm of 1000-seed (mg)

N P K 710.10 o 711.50 o 713.00 o 711.50 p1 1 1

N P K 700.30 p 701.70 p 703.20 p 701.70 q1 1 2

N P K 691.40 q 692.80 q 694.30 q 692.80 r1 1 3

N P K 761.10 gh 762.50 gh 764.10 gh 762.60 hi1 2 1

N P K 751.30 k 752.70 k 754.20 k 752.80 l1 2 2

N P K 743.80 l 745.20 l 746.70 l 745.20 m1 2 3

N P K 700.10 p 701.50 p 703.00 p 701.60 q1 3 1

N P K 726.40 m 727.80 m 729.40 m 727.90 n1 3 2

N P K 718.60 n 720.00 n 721.60 n 720.10 o1 3 3

N P K 773.20 de 774.60 de 776.20 de 774.70 ef2 1 1

N P K 763.30 g 764.70 g 766.20 g 764.70 h2 1 2

N P K 754.40 jk 755.80 jk 757.30 jk 755.80 kl2 1 3

N P K 779.40 c 780.80 c 782.40 c 780.90 cd2 2 1

N P K 768.00 f 769.40 f 770.90 f 769.40 g2 2 2

N P K 759.40 hi 760.80 hi 762.40 hi 760.90 ij2 2 3

N P K 776.30 d 777.70 d 779.20 d 777.70 de2 3 1

N P K 770.20 ef 771.60 ef 773.10 ef 771.60 fg2 3 2

N P K 759.50 hi 760.90 hi 762.40 hi 760.90 ij2 3 3

N P K 781.30 bc 782.80 bc 784.30 bc 782.80 bc3 1 1

N P K 767.40 f 768.80 f 770.30 f 768.80 g3 1 2

N P K 761.40 gh 762.80 gh 764.30 gh 762.80 hi3 1 3

N P K 784.40 b 785.80 b 787.30 b 785.80 b3 2 1

N P K 789.90 a 791.30 a 792.90 a 791.40 a3 2 2

N P K 767.30 f 768.70 f 770.20 f 768.70 g3 2 3

N P K 782.90 b 784.30 b 785.90 b 784.40 b3 3 1

N P K 772.20 e 773.60 e 775.20 e 773.70 f3 3 2

N P K 756.70 ij 758.10 ij 759.70 ij 758.20 jk3 3 3

Level of Significance ** ** ** **
N×P ** ** ** **
P×K ** ** ** **
N×K ** ** ** **

LSD for (N×P), (0.05)

(P×K) and (N×K) 1.64 1.73 1.22 1.01
LSD for interactions 3.14 3.14 3.14 3.14(0.05)

N  = 175 kg ha , N  = 200 kg ha , N  =225 kg ha , P  = 50 kg ha , P  = 75 kg ha , P  = 100 kg ha , K  = 125 kg ha , K  = 150 kg ha , K  = 1751 2 3 1 2 3 1 2 3
1 1 1 1 1 1 1 1

kg ha .1

**: significant at p<0.01 and *: significant at p<0.05. 
Different lowercase letters beside the mean value indicate significant at p<0.05 or p<0.01.

CONCLUSIONS ACKNOWLEDGEMENTS

There had significant response of NPK fertilizers on
various components of potato berry for the production of
better quality hybrid true seed. Considering the results of
the present experiment, it may concluded that combination
of 200 kg N ha , 75 kg P ha  and 175 kg K ha1 1 1

produced the highest TPS yield but on the basis of 1000-
seed weight 225 kg N ha , 75 kg P ha  and 150 kg K ha1 1 1

produced better quality TPS compared to other
combinations.
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