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Abstract: The species degeneration caused by traditional potato cultivation methods is becoming
increasingly evident, and it is particularly important to study new potato cultivation methods. Sprout
planting technology has the advantages of large reproductive capacity, fast growth speed, and
simplified maintenance of cultivated crops. In this study, four disease-free potato varieties ("Fujin’,
“Youjin’, ‘Zhongshu 4’, and ‘Feiwuruita’) were treated with different parts (top bud, middle bud,
and tail bud) and different bud lengths (10 cm, 15 cm, and 20 ¢cm), and then potato sprout planting
was carried out. A nutrient pot experiment was performed following a randomized complete block
design (RCBD) with various replicates and a natural control (CK) treatment. By comprehensively
measuring the emergence, chlorophyll content, net photosynthetic rate, dry matter distribution
during the bulking period of blocks, and effect of growth and quality with bud direct seeding under
both treatments, it was found that potato block top bud direct seeding cultivation is significantly
superior to other parts. In terms of early maturity and yield statistics, the advantage of top bud
cultivation in “zhongshu 4’ is most obvious; it reaches maturity an average of 14 days earlier, and the
yield can be increased by 38.05%. Therefore, top bud direct seeding is more suitable for potato sprout
planting technology. On this basis, the 20 cm and 15 cm bud length treatments of top buds were used
for direct cultivation, and all the above indicators performed well. Among them, in the zhongshu 4
variety, the yields of 15 cm and 20 cm bud length treatments increased by 41.78% and 38.05%, the
growth rates of commercial potatoes increased by 6% and 6.9%, respectively, and the effects were
the most obvious. In conclusion, the deep research and application of potato sprouting technology
has high utilization value for improving potato yield and quality and has guiding significance for
greenhouse potato cultivation in early spring.
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1. Introduction

Potato (Solanum tuberosum L.) is a well-known tuber crop consumed by approximately
1.3 billion people as a staple food [1]. And it is also used as an important industrial raw
material for the production of starch, ethanol, and animal feed [2]. At present, the protected
cultivation of potato mainly involves the direct seeding of tubers, which has the crucial
disadvantages of high seed consumption and a low reproduction coefficient. Planting
potato sprouts is a method which uses the young buds from potato tubers as “seeds” for
sowing and planting (Supplementary Figure S1). This approach increases reproductive
output, reduces reproduction time, ensures plant diversity in crop cultivation, and is
applied to both traditional Chinese medicine purposes and vegetable crops [3-6].

As early as the 1960s, China conducted preliminary research on the effects of potato
sprout planting. The researchers placed the seed potatoes in room temperature (25 °C)
and dark conditions to cultivate buds. After the buds were approximately 15 cm long,
they were broken at the base and planted in loose and high-moisture soil. The growth
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node of the buds was buried 1-2 cm from the ground surface [7]. Potatoes were sprouted
in a semi-humid soil and germinated at a suitable temperature of 20-25 °C, reaching a
germination length of 3.5-10.5 cm after 8 days, and had a relatively high transplantation
survival rate [8]. Sprouting potatoes can also be transplanted separately. When the seedling
height is 6-10 cm, 5-7 leaves can be cut from the base, and the seedling can be rooted
and planted. The yield is higher than that of traditional potato block direct seeding, and
the commercial potato has good properties [9]. In fact, the older the bud age of potato
seeds, the earlier the yield and the greater the early yield [10]. Sprouting potatoes have
a longer underground stem and more underground stem nodes, which greatly increases
the tuber-setting surface, thus increasing the number of tubers. Research has found that in
autumn potato cultivation, direct seeding with a sprouting length of 2.5 cm can increase
the highest yield of potatoes by 89.4% compared to nonsprouting methods [11].

Potato sprout planting can also save the amount of seeds potatoes need. Traditional
potato block direct seeding uses 1500-2250 kg/ha of potato seeds, but sprout planting
requires only 300-375 kg /ha, which can save nearly five times the amount of seed pota-
toes [12]. In addition, using potato sprout planting technology for cultivation can not only
restore seed quality but can also achieve a good detoxification effect and strong disease
resistance in the early stage, which can greatly reduce the occurrence of diseases and pests.
For example, planting sprouts can help reduce potato late blight and reduce the probability
of infected plants [13]. Using seed potatoes when the bud height is approximately 5 cm
and accompanied by many fibrous roots and breaking them off from the seed potatoes for
transplantation to grow seedlings can increase the reproductive coefficient of virus-free
seed potatoes [14,15]. Through research on potato seedling cultivation and transplanta-
tion, it was found that the plant morphological and physiological growth indices were
significantly different among the treatments, and the 7 cm potato bud length treatment was
proven to be the best treatment for raising seedlings under simulated field conditions [16].

At present, the protective cultivation of potatoes mainly involves direct sowing of
tubers, which has the key drawbacks of high seed consumption and a low reproductive
coefficient. But using potato sprouts for direct cultivation can effectively reduce seed
consumption, improve reproductive efficiency, and improve the overall efficiency of crops.
However, there are few reports on direct cultivation of potatoes through potato sprouts.
This experiment demonstrates the adaptability and feasibility of directly cultivating pota-
toes with different lengths of potato buds. The results showed that potato sprout cultivation
is beneficial for reducing the amount of seeds potatoes used, increasing the reproductive
coefficient, shortening the growth period, increasing yield, and achieving the goal of early
maturity and high yield. This study aims to explore the feasibility and adaptability of direct
facility cultivation of potato sprouts, providing valuable guidance for potato production.

2. Results
2.1. The Effect of Bud Planting on the Emergence Rate of Potatoes

According to Table 1, which shows the experimental results of direct planting potato
buds from different locations, the emergence rate of buds is as follows: direct planting of
potato top buds > middle buds > potato bud blocks (CK) > tail buds. Treatments varied
significantly among the four varieties. The emergence rate of ‘Fujin” and “Youjin’ potato
top buds after treatment showed the greatest improvement compared to their respective
controls, with increases of 3.95% and 3.72%.
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Table 1. The emergence rate of potato buds taken from different locations.
Treatment Fujin Youjin Zhongshu 4 Feiwurita
Top bud 98.18 +0.234 98.09 + 0.162 98.26 +0.142 98.56 + 0.06 2
Middle bud 97.46 +0.13° 97.53 +£0.20° 97.40 £ 0.09 ® 97.92 +£0.10°
Tail bud 92.03 £0.174 91.07 +£0.144 94.39 +0.13 4 93.45 +0.104
Bud block 9423 4+ 0.17 ¢ 9437 +0.14 ¢ 96.19 + 0.13 ¢ 96.05 + 0.10

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

The emergence rate of potato top buds of varying lengths selected for planting exper-
iments is shown in Table 2. The results showed that the direct planting treatments with
a bud length of 15 cm > 10 cm > 20 cm > direct seeding with a bud block (CK), showing
significant differences within the same variety, and the performance of the four tested
varieties was consistent. In the direct seeding with a 15 cm shoot length, the emergence rate
of ‘Feiwuruita’ was the highest, reaching 98.56%. The emergence rate of ‘Fujin” was 98.18%,
although not as high as that of ‘Feiwuruita’. ‘Fujin” had the largest increase compared to
the control, reaching 3.95%.

Table 2. The emergence rate of different lengths of potato buds.

Treatment Fujin Youjin Zhongshu 4 Feiwurita
Bud length 10cm  97.45 +£0.16P 96.44 + (.14 P 97.19 +0.10" 97.29 + 0.08 P
Bud length 15cm  98.18 £ 0.18 2 98.09 £ 0.132 98.26 +0.112 98.56 = 0.14 2
Bud length20cm  96.27 4 0.07 95.09 + 0.10 € 96.92 +0.14 P 96.84 =+ 0.06 ¢

Bud block 94.23 +0.034 9437 + 0204 96.19 £ 0.20 © 96.05 + 0.06 4

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

2.2. The Effect of Bud Planting on the Growth of Potatoes

The direct planting of different parts of potato buds revealed differences in these
indicators during the seedling stage among treatments of the same variety (Table 3).
The measured values from high to low were as follows: direct planting of potato top
buds > middle buds > tail buds > potato bud blocks (CK), and the performance of all
tested varieties was consistent. Within the same variety, there were significant differ-
ences in the above indicators among the three treatments compared to the control. The
highest performance in plant height and number of compound leaves were 12.08 cm and
7.38 leaves observed in the “Youjin’ potato with a top bud direct planting treatment. The
maximum stem diameter was 10.84 mm in the potato top bud direct planting treatment of
‘Zhongshu 4'.

During the period of potato block enlargement, the growth indicators of plant height
and stem diameter in different parts of the potato bud direct planting treatment were
as follows: potato top bud direct planting > middle bud > tail bud > potato bud blocks
(CK), while in the number of compound leaves, potato bud blocks (CK) > tail bud, and the
tested varieties showed consistent performance. Among them, the highest plant height and
highest number of leaves were observed in the top bud treatment of the “Youjin’ potato,
which were 78.12 cm and 32.56, respectively. The largest stem diameter was 16.80 mm,
which was observed in the top bud treatment of ‘Zhongshu 4’ potatoes.

Top potato buds of different lengths were used for direct planting (Table 4). During the
period of potato block enlargement, each treatment significantly differed among the growth
indicators in terms of direct planting with a top bud length of 20 cm > 15 cm > 10 cm >
direct seeding with a bud block (CK). There were significant differences in plant height and
leaf number among the different treatments, and there was no significant difference in stem
diameter measurements between the 15 cm and 20 cm treatments. The plants with the best
performance in terms of plant height and stem diameter were the 20 cm direct planting
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treatment of the ‘Feiwuruita’ variety, which were 81.56 cm and 17.43 cm, respectively; the
“Youjin’ potato with the largest number of leaves had 33.27 leaves under the same treatment.

Table 3. Effects of different potato bud parts on plant growth.

Number of Compound

Plant Height (cm) Leaves (Piece)

Stem Diameter (mm)

Treatment - " - . ; .
Seedling Expansion Seedling Expansion Seedling Expansion
Stage Period Stage Period Stage Period
Top bud 1027 £0.10¢ 6789 +£0.191 101440114 1674+£0112 634 +0.149 29.36 +0.19 <4
Fujin Middlebud ~ 10.02 £0.10f 6590 £0.13]  9.88 £0.099¢ 1607 £0.11¢ 6.17 £0.099¢ 2874 + 0.20 *8
Tail bud 925+0.098  6219+0.13! 830+£0.178" 141640111 581 +0.10f 2740+0.16
Bud block 801 +0.07h 5829+£0.12" 72740161 132440115 490+£0.09' 27.89+0.181
Top bud 1208 £0.092 78.12+0.06% 986+014% 1570+0.08¢ 7.38+0.06% 3256+0.14°
Youjin Middlebud 11.87 £0.10® 7646 £0.18¢ 954+ 023¢ 1496 +006f 7.02+011° 31.28+0.17P
Tail bud 1120+ 0.12>  7357+0.19¢ 812+ 0.13h 13.87+0.101 671 4+0.15¢ 2890 4 0.12 ¢
Bud block 1057 +£0.124 70.18£0.108 71440171 12744+0.10! 584 +0.15f 29.02+0.12de
Topbud 1056 +0.179 70.18+£0.108 10.84+0.162 1680 +0.122 62740159 29.04 4 0.11 de
Zhongshu 4 Middlebud  10.03 + 0.11 f 685740220 1041 +023P¢  16.06+£0.05° 617 +0.089% 28244 0.150
Tail bud 9.07+0.108 6529 +0.12% 956+027¢  1467+0.088 574+023% 2718 +0.13
Bud block 816+ 0.09h 6044+014™ 827+0.158" 1349+012) 532+011hF 2745 +0.17]
Top bud 1135+ 0.07 77204+ 0.13% 1068 £0.102* 1629 £ 0.10P> 639+0.119 3098 +0.18°
Feiwurita ~Middlebud 1094 £0.08° 7503 +£0.09¢ 10.15+0.12°d 1540+£0.09°¢ 52741350 2945+£0.19°¢
Tail bud 1018 +0.09¢fF 7214 +0.12f 936+ 0.13f  14.02+ 0070 5944+010¢ 2843 +0.178h
Bud block 9.25+0.148 68.04 + 0.111 8.49 £ 0.09 & 1262+ 0121  54740188" 286340131
Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).
Table 4. Effects of different lengths of potato buds on plant growth.
Plant Height (cm) Stem Diameter (mm) Number of (CI?ig\C[;)und Leaves
Treatment Seedli E ion Expansion Seedlin Expansion
Tope® PRyt seediingSmge PRIt Sgie By
Budlength10ecm  9.1540.158 61.17 £ 23N 9.2540.11" 14014044 5724016 28.75+0.13 8"
Fujin Bud length 15cm  10.27 + 0.09 f 67.89 +£32f8 10.14 +£0.14f 1674+ 0.8 634 +0.184 29364019
Bud length20cm  11.09 + 0.09 4 75.15 4 2.8 cde 11.04 + 0.16 @ 17154082  7214+016b  3045+0.16°
Bud block 8.01 +0.07h 5829 +1.81 727 £0.10% 13244059  490+0.12" 2789 +0.18"
Bud length 10cm  11.27 £ 0.15<d 73.24 + 2.5 cdef 8.77 £0.091 13.62+ 059 654 +0.149 31140059
Youjin Budlength15cm  12.08 4 0.09 P 78.12 £2.05¢ 9.86 +0.128 1570+ 04¢ 7384007 3256 +0.14°
Bud length20cm  13.14 4 0.16 @ 8427 £24° 1125 +0.15°¢ 1623 4+0.7b  802+£0.102  33.27+0.162
Bud block 10.57 +0.07 © 70.18 & 2.4 ¢fg 714 +0.14% 12744+ 04°¢ 5.8440.12¢  29.02 +0.12f8
Bud length 10cm  9.07 +0.09 8 65.34 £ 228" 9.60 +0.158 1412 +0.3 4 5.88+0.14¢ 2845+ 0.08"
Zhongshu4 ~Budlength15em  10.56 +0.16° 70.18 + 2.1 ¢f8 10.84 £ 0.09% 1680+ 0.4 62740139  29.04 +0.11 8
Bud length20 e 11.47 4 0.17 € 76.80 4 2.6 bed 12.06 4 0.09 2 17.56 + 0.4 2 703+015°¢  31.69 +0.13¢
Bud block 816+ 0.11"h 60.24 + 3.0 8.27 +0.15] 1349 +£ 049 53240118 2745+ 0.17J
Bud length10cm  10.04 +0.12f 72.15 £ 2.1 def 9.09 +£0.11 70 13.80 £ 029  598+0.07¢ 2975+ 0.20f
Feiwurita  budlength15em 1135+ 0.06 < 77.2 £ 2.0 bd 10.68 - 0.12 1629 £ 045  639+£0099 3098 +0.184
Budlength20em 121+ 0.16° 81.56 + 2.6 11.72 4 0.14° 1743 +042>  7.0840.10°  31.5640.22¢
Bud block 9.2540.14 8 68.04+15f 8.49 4+ 0.10} 1262+ 03¢  547+0.14%  2863+0.13"

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

During the seedling stage, growth indicators such as plant height, stem diameter,
and number of compound leaves showed a trend from high to low: direct planting with
a bud length of 20 cm > 15 cm > 10 cm > direct seeding with a bud block (CK). There
were significant differences within the varieties, and the performance of each variety was
consistent. Among them, for the under-20 cm bud planting, the highest plant height was
13.14 cm in “Youjin’, the maximum stem diameter was 12.06 mm in “Zhongshu 4’, and the
largest number of compound leaves was ‘Fujin’, which was 7.21 pieces.
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2.3. Effects of Bud Planting on Chlorophyll Content and Net Photosynthetic Rate of Potatoes

During the seedling stage, both indicators of the leaves of the four tested varieties
showed a decreasing trend from top bud direct planting > middle bud > tail bud > bud block
direct seeding (CK), with significant differences among the treatments (Table 5). Among
them, the highest chlorophyll content was the top bud direct planting of “Zhongshu 4,
which was 2.84 mg/g, and the minimum value for the “Youjin’ potato bud block seedlings
(CK) was 1.32 mg/g. The highest photosynthetic rate of the ‘Feiwuruita’ variety under
direct cultivation of potato top buds was 14.62 pumolCO,-m~2:s7!, and the lowest was
10.14 pmol CO,-m~2:s~! in the control treatment for the “Youjin’ variety. All varieties
showed the same performance.

Table 5. Effects of different positions of sweet potato on plant photosynthetic parameters.

Photosynthetic Rate (Pn)

Chlorophyll Content (mg/g) (umolCO,-m—2-5-1)

Treatments
Seedling Stage Expansion Period Seedling Stage Expansion Period
Top bud 225+ 0.15bc 3.92 +0.07b 12.98 + 0.06 © 19.21 +£0.12°¢
Fujin Middle bud 2.17 4 0.12 bed 3.80 + 0.08 b¢ 12.60 + 0.11 18.82 £ 0.09 8
Tail bud 1.92 +0.07 © 3.42 +0.10 de 11.39 + 0.06 1 17.90 + 0.08 ]
Bud block 1.40 +0.10 8 3.06 £0.07f 10.63 £ 0.10 16.31 + 0.071
Top bud 217 +0.11 bed 3.80 +0.12 bc 12.04 £ 0.08 8 19.01 +0.07 f
Youjin Middle bud 1.98 + 0.06 de 3.60 £ 0.10 <d 12.71 £+ 0.09 f 18.63 + 0.07h
Tail bud 1.60 £ 0.09 f 3.34 4 0.06° 11.34 +£0.10h 17.44 4+ 0.09 %
Bud block 1.32 +0.05 8 2.80 +0.118 10.14 + 0.09 % 15.80 + 0.07 ™
Top bud 2.84 +0.092 452 +0.072 13.87 £ 0.16 ¢ 19.71 + 0.07
Zhongshu 4 Middle bud 2.66 + 0.052 437 +£0.12° 13.28 +0.184 19.40 +0.07 ¢
Tail bud 2.13 + (.12 cde 3.97 +0.06P 12.23 +£0.14 8 18.52 + 0.12 hi
Bud block 159 £ 0.10f 3.31+0.07¢ 10.98 + 0.111 17.33 4 0.09 &
Top buds 239 +0.15P 3.94 4+ 0.09b 14.62 £ 0.16 2 21.34 +0.082
Feiwurita Middle bud 2.17 + 0.12 bed 3.80 =+ 0.08 be 1421 +£0.14b 20.81 + 0.09
Tail bud 1.92 +0.08 ¢ 3.50 + 0.12 de 13.20 £ 0.13 de 19.90 + 0.15¢
Bud block 147 +0.11 18 2.98 4+ 0.05 8 11.19 + 0.13 M 18.41 +0.091

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

During the period of potato block enlargement, both indicators of the four tested
varieties under direct cultivation of different parts of buds sequentially increased from
high to low, followed by direct cultivation of potato top buds > middle buds > tail buds >
direct seeding of potato bud blocks (CK). The highest chlorophyll content was 4.52 mg/g
in the top bud direct planting treatment of “Zhongshu 4’, and the highest photosynthetic
rate was 19.7 uMolCO,-m~2:s~! in the top bud direct planting treatment of ‘Feiwuruita’.
The minimum values all appeared in the control treatment of “Youjin’ potatoes, which were
2.80 mg/g and 15.80 uMolCO,-m~2:s~!, respectively.

Top potato buds of different lengths were used for direct planting (Table 6). During the
seedling stage, the chlorophyll content and photosynthetic rate of potato leaves showed a
trend of 20 cm direct planting > 15 cm > 10 cm > bud block direct seeding (CK). There were
significant differences among different treatments within the varieties, and the performance
of the four varieties was consistent. The highest chlorophyll content was 3.07 mg/g in
the 20 cm seedling treatment of the ‘Zhongshu 4’ variety, and the lowest was 1.32 mg/g
in the bud block direct seeding (CK) of the “Youjin’ variety. The highest photosynthetic
efficiency was observed in the ‘Feiwuruita’ variety with a 20 cm direct planting treatment of
15.84 uMolCO,-m~2-s~1, with the lowest being the control treatment of the “Youjin’ variety
of 10.14 uMolCO,-m 2.5~ 1,
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Table 6. Effects of different potato bud lengths on plant photosynthetic parameters.

Chlorophyll Content (mg/g)

Photosynthetic Rate (Pn)

Treatment (umolCO,; m—2-s-1)
Seedling Stage Expansion Period Seedling Stage Expansion Period
Bud length 10 cm 1.92 £ 0.08 hi 337 +0.12f 11.30 + 0.06 & 18.11 £ 0.22°¢
Fujin Bud length 15 cm 225+ 0.11 ¢f8 3.92 + (.17 de 12.98 + 0.04 4 19.20 £ 0.15 <
Bud length 20 cm 2.63 + 0.08 bed 421 +0.06° 13.78 + 0.09 ¢ 19.60 + 0.23 ¢
Bud block 1.40 £ 0.14 3.06 £0.080 10.63 £ 0.06 1 16.31 +0.13 8
Bud length 10 cm 1.84 +0.14 7 3.14 +0.118" 11.28 + 0.13 8» 17.32 £0.18f
Youjin Bud length 15 cm 2.17 £0.11 fh 3.80 +0.08¢ 12.04 + 0.04 f 19.01 +0.18 ¢
Bud length 20 cm 2.50 + 0.13 cde 4.05 £ 0.07 «d 12.97 +0.05 ¢ 19.44 + 0.09 °d
Bud block 132 +0.15k 2.80+0.111 10.14 + 0.06 J 15.82 +£0.13h
Bud length 10 cm 232 +0.15°¢ 3.95 + 0.06 9¢ 12.05 +0.08 f 18.90 £ 0.11 ¢
Zhongshu 4 Bud length 15 cm 2.84 4 0.152 452 40.04° 13.87 +0.08 4 19.71 £0.59
Bud length 20 cm 3.07 £ 0.092 47440142 14.92 +0.04b 20.33 £0.19P
Bud block 1.59 + 0.19 )% 3314015 10.98 +0.12 0 17.34 +£0.20 f
Bud length 10 cm 2.01 + 0.07 8hi 340 +0.10f 13.15 £ 0.09 18.93 +0.21 4
Feiwurita Bud length 15 cm 2.39 + (.15 def 3.94 + 0.06 de 14.62 £ 0.11°¢ 21.34+0.182
Bud length 20 cm 2.78 + 0.17 abe 412 +0.04<d 15.84 + 0.05 2 21.70 £ 0.232
Bud block 147 £0.10k 2.98 + 0.06 hi 11.19 + 0.08 8h 18.44 +0.13¢

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

During the period of potato block enlargement, both indicators were measured from
high to low as 20 cm direct planting > 15 cm > 10 cm > bud block direct seeding (CK)
treatments. The three direct planting treatments showed significant differences from
the control; the performance trends of the four varieties were the same. The highest
chlorophyll content was 4.74 mg/g in ‘Zhongshu 4’, and the lowest was 2.80 mg/g
in “Youjin’ compared with the control treatment. The highest photosynthetic rate was
21.70 umolCO, m~2:s~ ! in “Feiwuruita’ with direct planting of 20 cm buds, and the min-
imum was 15.82 umolCO,-m~2-s~! in “Youjin’ compared to the control treatment. The
tested varieties were consistent.

2.4. Distribution of Dry Matter during the Bulking Period of Potato Block in Bud Planting

The dry matter allocation rate of potato plants directly cultivated from potato buds
taken from different parts during the potato block expansion period is shown in Figure 1.
The dry matter allocation rate of tubers was ranked from high to low in the following order:
potato top bud direct planting > middle bud > tail bud > bud block direct seeding (CK).
The tested varieties showed the same performance, with “Zhongshu 4" having the highest
allocation rate of 38.9% for tubers and ‘Feiwuruita” having the lowest rate of 20.9%. The
dry matter allocation rate of stems and leaves was highest in the bud block direct seeding
treatment, followed by the potato tail bud > middle bud > top bud direct planting. The
overall allocation rate of stems and leaves in the control treatment of each variety was
above 74.5%.

The distribution rate of dry matter in potato plants during the expansion period of
potato block enlargement with different lengths of potato top buds directly planted is
shown in Figure 2. The distribution rate of dry matter in potato tubers was as follows:
20 cm direct planting treatment > 15 cm > 10 cm > bud block direct seeding (CK). The
performance of all tested varieties was consistent, with potato tuber distribution rates being
the highest in the 20 cm and 15 cm direct planting treatments, with percentages ranging
from 37.8 to 40.7%, differing by only approximately 3%. The distribution rate of dry matter
in stems and leaves is ordered as follows: bud block direct seeding (CK) > 10 cm > 15 cm
> 20 cm direct planting, and their control treatments were all above 70%. The maximum
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Figure 1. Dry matter distribution rate of different parts of potato block planting during potato block
expansion period.

2.5. The Effect of Direct Planting of Potato Buds on Early Maturity and Yield of Potatoes

The effects of cultivating with potato buds from different parts on the early maturity
and yield of potatoes are shown in Table 7. Each treatment was planted at the same time,
and the harvest time and growing days within the same variety were different. The growing
days gradually increased according to top bud > middle bud > bud block direct seeding
(CK) > tail bud. The growing days of the top bud direct-cultivation treatment were the
shortest, with the earliest maturation being the top bud treatment of ‘Zhongshu 4, which
lasted for 55 days. The latest harvest was the “Youjin’ tail-bud treatment, which took 78 days.
The top-bud cultivation of ‘Fujin” had the most early relative growing days, which was 15
days earlier than that of its control.
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Figure 2. Dry matter allocation rate of different length potato buds planting during potato block
expansion period.

Table 7. Effects of different bud positions on potato growing time.

Sowing Harvest Growing Relative
Treatment Time Time Days in Growing
(Month/Day) (Month/Day)  Shed (Day) Days
Top bud 4/20 6/17 57 -15
Fujin Middle bud 4/20 6/19 59 -13
Tail bud 4/20 7/5 75 +3
Bud block 4/20 7/2 72 0
Top bud 4/20 6/20 60 —14
Youjin Middle bud 4/20 6/24 64 —10
Tail bud 4/20 7/15 78 +4
Bud blocks 4/20 7/11 74 0
Top bud 4/20 6/15 55 —14
Middle bud 4/20 6/18 58 —11
Zhongshud il bud 4/20 7/8 71 +2
Bud blocks 4/20 7/6 69 0
Top bud 4/20 6/22 62 —11
N Middle bud 4/20 7/1 64 -9
Feiwurita Tail bud 4/20 7/12 75 2

Bud block 4/20 7/10 73 0
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The correlation analysis of potato yield indicators for different parts of the potato bud
direct planting treatment is shown in Table 8. In terms of average single potato weight,
there were significant differences between the top bud direct planting treatment and the
middle bud direct planting treatment compared to the control. In terms of average plot
yield and equivalent yield of the same variety, within the same variety, the order was potato
top bud direct planting treatment > middle bud > tail bud > bud block direct seeding (CK).
The highest yield was 4.42 kg/ha x 10* kg/ha in the ‘Zhongshu 4’ with potato top bud
direct planting treatment, and the lowest was 3.03 kg/ha x 10* kg/ha in the ‘Feiwuruita’
with bud block direct seeding treatment; the most significant increase in relative yield was
observed in the ‘Zhongshu 4’ with potato top bud direct planting, which increased yield
by 38.05%.

Table 8. The influence of the different parts of the potato buds used on yield by direct cultivation.

Number of Average Average Plot

Treatment Tubers per Weight per Yield Yield (kg/ha) Relatl:;e Yield
Plant (PCs.) Potato (g) (kg) °
509 135.28 def 23811 3.97 x 10%f 122.66
Fujin Middle bud 5.0 132.78 f 23.378 3.90 x 10*h 120.40
50° 117440 21.14) 3.53 x 10%k 109.20
Bud blocks 40P 121.31h 19.4! 3.24 x 10*™ 100.00
5.0 14322°¢ 257" 4.30 x 10*P 129.23
Youjin Middle bud 502 142.56 ¢ 25.094 418 x 10*4 125.80
50° 121.390 21.851 3.64 x 10%] 109.57
Bud blocks 40P 127.888 19.95k 3.33 x 10%! 100.00
502 150.63 26512 442 x 1042 138.05
: a c 4
Zhongshu 4 Middle bud 40a 158.38 % 2534¢ 4.23 x 10; 131.94
4.0 138.31 22.13 3.69 x 10*1 115.24
Bud blocks 50° 126.97 8 19.21! 3.20 x 1040 100.00
50° 137.28 de 24.71¢ 4.12 x 10%¢ 136.11
Feiwurita Middle bud 40P 133.86 °f 23568 3.93 x 10*8 129.81
40°b 136.56 def 21.851 3.64 x 10% 120.39
Bud block 502 119410 1815™ 3.03 x 10*° 100.00

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

The effect of different lengths of directly seeded potato top buds on the early maturity
and yield of potatoes (Table 9) is as follows: All tested varieties were planted on the
same day, and the harvest time and growing days varied among different varieties. The
growing days between treatments within the same variety were characterized by the
longest duration of bud block direct seeding > 10 cm > 15 cm > 20 cm direct planting. The
maximum number of days for early maturing of 20 cm potato buds from ‘Fujin” and “Youjin’
was 16 days.

Compared with the control, there were differences in average single potato weight,
average plot yield, and equivalent yield in the treatment of direct planting with different
lengths of potato top buds (Table 10). Among them, the yield was highest according to
20 cm direct planting > 15 cm > 10 cm > bud block direct seeding (CK). The experimental
varieties performed the same. The highest yield was obtained from the 20 cm direct planting
treatment of “Zhongshu 4/, with a yield of 4.54 x 10* kg/ha. The lowest yield was the
‘Feiwuruita’ variety, which uses potato bud block seedlings at 3.03 x 10* kg/ha. The potato
with the highest relative yield increase was ‘Zhongshu 4’, with an increase of 41.78%.
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Table 9. Effects of different bud lengths on potato growing time.

Treatment Sowing Time Harvest Time Growing Daysin  Relative Growing
(Month/Day) (Month/Day) Shed (Day) Days
Bud length 10 cm 4/20 6/21 61 ~11
Fujin Bud length 15 cm 4/20 6/17 57 -15
Bud length 20 cm 4/20 6/16 56 —16
Bud block 4/20 7/2 72 0
Bud length 10 cm 4/20 6/24 64 —10
Youjin Bud length 15 cm 4/20 6/20 60 —14
Bud length 20 cm 4/20 6/18 58 ~16
Bud block 4/20 7/4 74 0
Bud length 10 cm 4/20 6/18 58 —11
Bud length 15 cm 4/20 6/15 55 —14
Zhongshu 4 Bud 1en§th 20 cm 4/20 6/14 54 -15
Bud block 4/20 6/29 69 0
Bud length 10 cm 4/20 6/28 68 -5
. . Bud length 15 cm 4/20 6/22 62 -1
Feiwurita Bud length 20 cm 4/20 6/20 60 13
Bud block 4/20 7/3 73 0
Table 10. Effects of different bud lengths on potato yield.
Average
Number of Weight?)er Average Plot Yield Relative Yield
Treatment Tubers per Potato Yield (k) (ke/ha) o
Plant (PCs.) 8 giha ?
(g)
Bud length 10 cm 40P 125.25 f8 20.04 1 3.66 x 10*h 113.00
Fujin Bud length 15 cm 40P 135.28 € 238118 3.97 x 10*f8 122.66
Bud length 20 cm 502 135.28 © 24.26¢ 4.08 x 10%¢f 126.00
Bud block 40P 121.31 8" 19.417 3.24 x 10%] 100.00
Bud length 10 cm 4.0b 148.38 @ 23.74 8 3.96 x 108 119.01
Youi Bud length 15 cm 504 143.22 bc 25.78 ¢ 4.30 x 10*be 129.23
jin
Bud length 20 cm 502 147.33 2P 26.52° 4.42 x 10*P 132.95
Bud block 40P 127.88 f 19.951 3.33 x 10*1 100.00
Bud length 10 cm 4.0b 151.06 2 24,17 ¢f 4.03 x 10*f 125.85
Zhongshu 4 Bud length 15 cm 502 150.63 @ 26.51° 4.42 x 1044ab 138.05
Bud length 20 cm 502 151.282 27.232 4.54 x 10%2 141.78
Bud block 40P 126.97 f 19.217 3.20 x 10%] 100.00
Bud length 10 cm 40" 136.63 ¢ 21.86 1 3.65 x 10*h 120.44
Feiwurita Bud length 15 cm 5.0 137.28 de 24714 412 x 10*de 136.11
Bud length 20 cm 5.0 141.28 «d 25.43°¢ 4.24 x 10*4 140.08
Bud block 40P 119.41 0 18.15 % 3.03 x 10*k 100.00

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

2.6. The Effect of Different Potato Bud Direct Planting Treatments on the Quality of Potatoes

The results of quality indicators of potato fresh matter showed that there was no
significant difference in starch, reducing sugar, crude protein, or Vc content among different
varieties, regardless of whether they were directly seeded with different lengths of buds or
different parts of tubers (Tables 11 and 12). However, there was no significant difference
in starch content between the ‘Zhongshu 4’ and ‘Feiwuruita’ varieties under the two
treatments, and the same condition was also found in the Vc content of ‘Fujin” and “Yujin’'.
The reducing sugar and crude protein contents showed significant differences among
varieties. In addition, the yield of commercial potatoes showed a trend of 15 cm direct
planting > 20 cm > 10 cm > bud block direct planting (CK), with top bud direct planting >
middle bud > tail bud > bud block direct planting (CK). The two treatments of ‘Zhongshu 4’
both showed the highest increase in yield of commercial potatoes, with an increase of 6.9%.
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Table 11. The influence of the different parts of the potato buds on quality by direct cultivation.

. . Commercial
Treatment Starch (%) Reduc111g CrudeOProteln Ve Content Potato Growth
Sugar (%) (%) (mg/100 g) o
Rate %
Top bud 14.36 2 0.088 © 1.708 2 0.274 ¢ 87.8
Fuiin Middle bud 14.33 2 0.086 © 1.7022 0.273 ¢ 86.3
) Tail bud 14.222 0.085 € 1.6952 0.271°¢ 84.7
Bud blocks 14.162 0.083 ¢ 1.687 2 0.269 © 82.5
Top bud 13.55P 0.063 ¢ 1.503 ¢ 0.275 ¢ 92.0
Youii Middle bud 13.50 0.062 4 1.496 € 0.274 ¢ 81.7
oujin ) b q
Tail bud 13.46 0.062 1.492¢ 0.272 ¢ 89.9
Bud blocks 13.43 P 0.061 4 1.487 ¢ 0.271°¢ 88.7
Top bud 12.54 ¢ 0.441° 1.604 P 26.713b 87.7
i b b b
Zhongshu 4 Mldfslle bud 12.50 € 0.438 1.599 26.654 86.0
Tail bud 12.46 ¢ 0.436° 15940 26595 83.2
Bud blocks 12.41 ¢ 0.429° 1.589 P 26492 80.8
Top bud 12.42 <d 1.0212 1.019 4 113.101 2 89.1
Feiwurita Middle bud 12.40 «d 10182 1.016¢ 1129152 88.4
Tail bud 12.38 d 1.0132 1.014 4 112.762 2 87.0
Bud block 12.35¢ 1.009 2 1.0114 112.623 2 85.0
Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).
Table 12. The influence of the different lengths of the potato buds on quality by direct cultivation.
. . Commercial
Treatment Starch (%) Reduc1i1g CrudeOProteln Ve Content Potato Growth
Sugar (%) (%) (mg/100 g) o
Rate %
Bud length 10 cm 14222 0.085 ¢ 1.696 @ 0.273 ¢ 84.1
Fuiin Bud length 15 cm 14.36 2 0.088 © 1.708 2 0.274 ¢ 87.8
) Bud length 20 cm 14.422 0.089 € 1.7142 0.280 € 86.6
Bud block 14162 0.083 ¢ 1.6872 0.269 © 82.5
Bud length 10 cm 13.45° 0.062 4 1.495 € 0.272 ¢ 89.9
Youjin Bud length 15 cm 1355 0.063 4 1.503 € 0.275 ¢ 92.0
Bud length 20 cm 13.60° 0.064 ¢ 1.510°¢ 0.281°¢ 91.2
Bud block 13.43P 0.061 4 1.487 ¢ 0.271°¢ 88.7
Bud length 10 cm 1249¢ 0.436 ° 1598 26.601 P 83.2
b b b
Zhongshu 4 Bud length 15 cm 12.54 ¢ 0.441 1.604 26.710 87.7
Bud length 20 cm 12.58°¢ 0.443° 1.610° 27.021° 86.8
Bud block 1241 0429 1.589 P 26492 80.8
Bud length 10 cm 12.36 4 1.0102 1.014 4 112.873 2 87.0
o Bud length 15 cm 12.42 <d 1.0212 1.019 4 113.1012 89.1
Feiwurita d a d a
Bud length 20 cm 12.47 © 1.023 1.021 113.541 88.3
Bud block 12.35¢ 1.009 2 1.0114 112.623 2 85.0

Means followed by a different letter within the column are significantly different at (p < 0.05) probability level
according to the analysis of variance (ANOVA).

3. Discussion

In this experiment, a potato sprout planting method was used to test four potato
varieties, and it was found that different bud locations and bud length treatments could
significantly improve potato growth, quality, and yield-related indexes. This method
greatly improves the reproductive coefficient of potatoes, which is consistent with previous
research results on improving the utilization efficiency of potato seeds through repeated
seedling breakage and transplantation [17,18].

Using different parts of the potato buds for direct planting, the emergence rate reached
over 90%, among which the top bud emergence rate was as high as 98%, while the tail bud
emergence rate was significantly lower than that of the bud block direct seeding treatment,
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showing a clear advantage of apical dominance. From the seedling stage to vigorous
growth, the growth trend of the middle and tail bud treatments was delayed longer than
that of the top bud, while the top bud direct cultivation treatment showed advantages such
as vigorous growth, more leaves, strong photosynthetic ability, and higher yield, which
is consistent with the principle that potato tubers have the strongest physiological and
genetic potential at the top [19]. During the process of planting potato sprouts, ensuring
the integrity of potato sprouts and their basal root primordia for planting is beneficial for
the seedling growth rate, which is related to the occurrence and quantity of potato sprout
root primordia [20]. Top bud direct planting can also improve the emergence rate [21,22],
increase yield [23] by facilitating early leaf expansion, and accelerate growth of potato
top-buds [24].

This study selected longer potato sprouts (20 cm and 15 cm) for direct seeding, which
can achieve higher leaf numbers, photosynthetic efficiency, and potato yield. This further
supports that potatoes with many root primordia, well-developed root systems, and more
stolons can produce more tubers in a given soil profile and increase yield [25]. Cultivating
with the 20 cm long potato sprouts resulted in more leaves and greater weight, which is
consistent with the changes in endogenous hormone content in potato sprouts at different
physiological ages [26].

Yield in the direct planting of potato buds of different lengths and different parts,
except for the tail-buds, increased. The reason is that the underground stem node is longer,
the root system is developed, the growth rate is fast, the plant leaf area is large, and the
growth is vigorous [27], which promotes the plant to enter the potato block expansion
period earlier, so much so that in the early stage of potato block growth and development
under relatively low temperatures, the aboveground dry matter of the plant is transported
underground, thereby promoting the growth of the tuber [28]. This is consistent with
the research outcomes of potatoes that are tolerant to low temperatures and where stem
and leaf assimilates are transported to the tuber during potato block development [29].
Potatoes have a certain prematurity, and in this study, potato buds cultivated with top-buds
and 15 cm and 20 cm potato buds planted directly showed early maturity, which may be
related to the fast growth rate of plants in early stages, as well as the large leaf area, strong
photosynthetic rate, and the early entry of the potato block expansion stage [30]. However,
the growth period of potato tail-buds was prolonged, which was basically in line with the
apical dominance principle, but the specific reason should be further investigated.

4. Materials and Methods
4.1. Plant Materials and Growth Conditions

The tested potato varieties are ‘Fujin’, “Youjin’, Zhongshu 4/, and ‘Feiwuruita’, all
of which are virus-free seed potatoes, and the growth period of the four varieties is the
same; all belong to the precocious varieties, which were collected from the Jilin Academy
of Agricultural Sciences, China. These materials yield healthy seed potatoes with excellent
phenotypes, such as plant height (50~72 cm), average number of potatoes per plant (5~7),
average potato weight (115~151 g), and commercial potato rate (71.3%~88%). The experi-
ments were conducted from March to July in 2022 and 2023, respectively, and planting was
carried out in a greenhouse. The tested soil is humus soil, with the following physical and
chemical properties in the 0-30 cm profile: total nitrogen 1.41 g/kg [31], total phosphorus
0.34 g/kg [32], total potassium 8.9 g/kg [33], and organic matter 40.6 g/kg [34].

4.2. Potato Bud Treatment

(1) Direct cultivation of potato buds with varying lengths: There were three potato bud
length treatments: 10 cm, 15 cm, and 20 cm. Virus-free seed potatoes that were of the
same size, robust, and beyond the dormancy period were selected, and germination
was induced under dark conditions. When the length of the potato buds reached
10 cm (16-18 d), 15 cm (22-24 d), and 20 cm (28-30 d) (Supplementary Figure S2A),
the top buds were broken off from the base of the potato and kept moist.
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(2) Direct cultivation of potato buds broken off from different positions: Three treatments
were established. The positions included the top bud (the bud at the top of the seed
potato), middle bud (the bud in the middle of the seed potato), and tail bud (the
bud at the bottom of the seed potato, also known as the base bud) of the potato
(Supplementary Figure S2B). When the length of the potato bud was 15 cm (22-24 d),
the bud was broken from the base of the potato, and the broken potato bud received
the same treatment as in (1).

(3) Direct sowing of buds: The treatment of seed potatoes was the same as in (1). When
the buds were 1-2 cm long, the buds were grown under scattered light for 2-3 days,
and the seed potatoes were cut into bud tubers weighing approximately 20 g [35].

After the potato buds in treatments (1) and (2) have been removed for a long time,
they will lose a substantial amount of water and cannot survive. Therefore, the broken
potato buds should be immediately moistened, planted, and watered in a timely manner to
ensure that the potato buds do not dehydrate. The three experimental treatments adopted
high-bed cultivation, with a bed width of 1.2 m, a bed length of 5 m, and a bed height of
10 cm, covered with transparent plastic film. Double-row cultivation was performed in a
random block arrangement.

4.3. Measurement of Various Indicators for Potato Sprouting

After the end of the seedling stage, 5 plants were taken from each treatment for
measurement of growth indicators. After transplanting, 3 plants were then randomly
selected from each plot every 7 days for measurement of each indicator. Quality indicators
were uniformly measured after harvest. The specific measurement items and methods are
as follows:

(1) Determination of growth indicators included [root-to-shoot ratio] = underground dry
weight/aboveground dry weight; [strong seedling index] = (stem diameter/plant
height + underground dry weight/aboveground dry weight) x whole plant dry
weight; chlorophyll content was determined by the mixed extraction method using
acetone and ethanol; root activity was measured using the TTC (triphenyltetrazolium
chloride, TTC) method [31]; and photosynthetic parameters, including net photo-
synthetic rate, transpiration rate, stomatal conductance, and intercellular CO, con-
centration, were measured using a portable photosynthetic instrument Li6400. The
measured position was the third leaf below the growth node [36]. The above indicator
values were averaged over 5 samples.

(2) Potato quality assessment through the determination of potato fresh matter quality
indicators: these indicators included the determination of crude protein content by
Coomassie brilliant blue staining [37]; reducing sugar content was determined by
3,5-dinitrosalicylic acid colorimetry [38]; starch content was determined using the
anthrone sulfuric acid method [39]; and the content of vitamin C was determined
using the molybdenum blue colorimetric method [40]. And the content of chlorophyll
was determined by acetone extraction [41].

4.4. Experimental Design and Statistical Analysis

The recorded data were statistically analyzed by using SPSS 20.0 statistical software
(SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) with post hoc tests
(Tukey’s test) was used to detect differences among treatments. The mean values showing
significant differences were compared with the Tukey test at a 5% level [42].

5. Conclusions

In conclusion, this study found that potato sprouting technology was used for potato
facility planting, and the selection of potato buds with 20 cm and 15 cm lengths and at
the top of potato blocks had a significant improvement on important indicators such as
potato yield, maturity, and quality, which has important theoretical guiding significance for
optimizing potato cultivation technology and improving production levels.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/plants12203545/s1, Figure S1: Potato tuber treatment method for
seedling cultivation with potato tuber. Figure S2: Different methods of seedling raising and cultivation
of potato buds. (A): potato buds with different lengths were used for seedling cultivation; from left to
right, the potato bud lengths were 10 cm, 15 cm, and 20 cm, respectively. (B): Different parts of potato
buds were used for seedling cultivation; from left to right, they were potato terminal bud, potato
middle bud, and potato tail bud, respectively.
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