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Effects of Different Planting Density and Fertilizer Application
Rate on Growth and Yield of Potato Original Seeds
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ZHANG Hongyu', YUE Minjie'
(1.Hebei North University , Zhangjiakou, 075000, China;
2.Sinochem Modern Agriculture(Inner Mongolia) Co.,Ltd.,Hohhot 010000, China)

Abstract: To effectively improve the growth and increase the yield of potato original seeds, in this study, an experiment
was conducted using virus—free test tube plantlets of Jizhangshu 12. A two—factor randomized block design was adopted with
four planting densities: 237(D1), 267(D2), 297(D3), and 3.27 million plants/ha(D4), and three fertilization levels: 900(F1),
1 200(F2), and 1 500 kg/ha(F3), resulting in 12 treatments in total, and the effects of different planting densities and fertilizer
application rates on plant height, main stem diameter, leaf area, SPAD value, net photosynthetic rate, yield, and marketable
tuber rate of Jizhangshu 12 potato original seed at the tuber bulking stage were studied. The results showed that under the same
planting density, with the increase in fertilizer application rate, the plant height, main stem diameter, leaf area, SPAD value,
and net photosynthetic rate of the potato original seed all exhibited an overall trend of first increasing and then decreasing. Under

the same fertilizer application rate, with the increase in planting density, the plant height, main stem diameter, SPAD value,
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and net photosynthetic rate of potato original seed exhibited a trend of first increasing and then decreasing, the leaf area showed

a trend of decrease—increase-decrease. When the planting density was 2.97 million plants/ha(D3) and the fertilizer application

rate was 1 200 kg/ha(F2), the plant height, main stem diameter, leaf area, SPAD value, and net photosynthetic rate of the

potato original seed were the highest, which were 23.15, 0.40 cm, and 23.50 cm?, 45.00, 20.31 pmol/(m®s), respectively.

The number of large potatoes, medium potatoes, yield, and marketable tuber rate were all the highest, specifically 0.11,

0.91 seeds/plant, and 416.74 million seeds/ha, 72.1%, respectively. Therefore, the optimal planting method for potato

original seeds was with a planting density of 2.97 million plants/ha and a fertilizer application rate of 1 200 kg /ha.

Keywords: potato; original seeds; planting density; fertilizer application rate; yield; plant height; main stem diameter; net

photosynthetic rate
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Tab.1 Different planting densities and fertilizer dosages

pogil R/ (Ji bk /hm?) FERE/ (kg/hm?*) 55 1 UGB AR/ (kg/hm?) 55 2l A/ (kg/hm®)
Treatment Density Base fertilizer First top dressing Second top dressing
DIF1 237 450 300 150
DI1F2 600 450 150
DIF3 750 600 150
D2F1 267 450 300 150
D2F2 600 450 150
D2F3 750 600 150
D3F1 297 450 300 150
D3F2 600 450 150
D3F3 750 600 150
D4F1 327 450 300 150
D4F2 600 450 150
D4F3 750 600 150
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Different lowercase letters indicated significant differences among the different treatments (P<C0.05). The same as below
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Fig.1 Effects of planting density and fertilizer application rate on the plant
height of the potato original seed
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Fig.2 Effectes of planting density and fertilizer application rate on the main stem
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Fig.3 Effects of planting density and fertilizer application rate on the leaf
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Fig.5 Effects of planting density and fertilizer application rate on the net photosynthetic
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Tab.2 Effects planting density and fertilizer application

rate on yield formation indicators of the

potato original seed B/

Treatment L-ager po- potato Mini potato ber per
tato number number numbers plant
DIF1 0.12a 0.86¢ 0.51c 1.50a
DI1F2 0.04¢g 0.84de 0.57a 1.45b
DIF3 0.08de 0.80f 0.54b 1.42¢
D2F1 0.08de 0.83e 0.46d 1.37e
D2F2 0.10bc 0.88b 0.41e 1.39d
D2F3 0.09c¢d 0.85cd 0.50¢ 1.44b
D3F1 0.09cd 0.80f 0.38f 1.27f
D3F2 0.11ab 0.91a 0.38f 1.40d
D3F3 0.07ef 0.80f 0.33¢g 1.20h
D4F1 0.07ef 0.77¢g 0.41e 1.25¢
D4F2 0.09cd 0.78¢g 0.38f 1.25¢
D4F3 0.06f 0.78¢g 0.42¢ 1.26fg
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Note: Different lowercase letters indicated significant differ-

ences among the different treatments(P<0.05). The same as below.
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Tab.3 Effects of planting density and fertilizer application rate on the yield and marketable

tuber rate of the potato original seed

4L P/ (7 4/ ) T ST 75k / (7 i /hm’) R
Treatment Yield Marketable tuber rate Treatment Yield Marketable tuber rate
DIF1 355.55h 66.20de D3F1 376.22e 70.08be
DI1F2 343.42i 61.311 D3F2 416.74a 72.12a
DI1F3 335.57] 61.971 D3F3 357.75h 71.86a
D2F1 365.20g 66.23de D4F1 408.74c 67.20d
D2F2 370.43f 70.89ab D4F2 409.30bc 69.12¢
D2F3 383.66d 65.24e D4F3 412.60b 66.98d

3 Hik5itiw

P2 B 5 e AR R ZE A KR E .
PR RN O AR G o PR %% B e K L4 52 Tl A
PRSI W RE T, NI SE i S A K, &
5T K B, BE I AE B RhoR 2% R, RT DR s i AR
B A, DT FE 43 A O BRI 2 0 A RIOR RN 3
A = LR TE KBS b & R, i
T Y SRR % R DA VR W A K B E
Py = m M ABESE & B it T R AH [R] E B 2 R A
RN, B 125 S R R R G bR L
ZEORL T AR AR R 2 R B R S e S R A
P, I BB AR % L SR 125 DR R R
Pl Ot A VR AL Bl 2 3 3, FL SPAD {E Fig 6 &
R 5 LSRR S B AR . M &
1 200 kg/hm*(F2) B4l % B 2y 297 T3 kK /hm?*(D3)
BF, Bk 25 b AL SPAD fE F oG A R
¥ fe 5, 43 5 A 23.15,0.4 em A1 23.5 cm?, 43.6,
20.31 pmol/(m?-s) o 3R W3 i Ah kil % B 7T DL 5
YEW R K BRI 1 R R 0%, AT 42 ok A
TERRCR , A SBUEY &S . A RIER
B, 7E A FHM IS 45 4 T, Bl A PR B R ok A L

78

Y S TR R R I A IR A AR A 2 B B E R
M, AR KB, A A B T A
JE R ARG A 7R 0 R N . AR BRI K
B, il AT 5k A ), 484 0 oA 2 B URCER IS R rh S AR
K S B0 b 18, AR /)N S B0 2 R R Y
T AR 3k 5 R AR AT S 2 R — B, B
5 R B I B, A% SRR A 7 e R R
SR 5 S B S U B A 3 5 R AR
SEUUIR ST 2 R — B, B T A S i S R A R
W) 2k 5% F , T3 RT3 1R P b R 0 T A e
W, A T 5 B A e ef mT L S 3 Y i A
H8 o0 A S I D R Y 7

e T 4% S Rh R 2o R, R AR R B
A B ke, ARG IR A B T S48
A K TR I BE Uk D IO TR 9% . EA ST KB,
FEARAE 7 A 558 vh S it B} 27 i AT, BE 0% 2 v I L R
FHRCER 2 HE T 4% B Ak & AR A, T 42 T Bl 2
A PERIRE AR TR g 4 R A WY Rl R A (R B
i 5 it A 5 1 186 0, 35K S 12 5 4% S TR RR 1Y)
PR EZOH T A SPAD (A M R Y
B S 1 S AR Y R, X 5 IE Ty - HERE %
S BRSO M 25— 3. E R BERE



EFE T A AN [ AL 2 R R I 0 T e 2 TR TR A IR R 14 5 )

B 7 G BT AE 25 00 T, Th 4% S 0 ™ 0 B it A
oA i, AR R R e — S B S T it
JIE A Th S S R OR BN, E A R AR
PSR FE T T R A 7 i AT
1 38 0T 2 RGN, A KAE S 416.74 T3 kL /hm?
R R e B ) B I e S R 1 3 2 B S
T B ARG 2R W g 3R 4 AR R AT LA 3 AR
L R X O W T AR DA L S
BER . BEL RS RANEX RS TES,
SEEO B g 3 B R AR TS OGS AR
FHP=0 0 G i 5 U i AE b S8 g ) AT L A v A
A 3% 43 1 5 G, DT A6 B 250 1 A
Xof % B HE AT M [ s R R 4 OR
W 5 R A (0 8 PRI A SRR A 7R R A
o375 SR FE 5 R RL Y BAE G R AR AN [R] 9% B S
Jit 385 2 it A, 33 AN AN S PR D 44 2 T T R 7
S b R AT AR I R AR

A B 5T 25 R WY, Bl 2 A 2 R R i I Y
B, 6 SR 12 5 A% T R R A A 20 MR A
SEEVER AT WM . MR EZEH A
SPADH ¥4 1 3 1 5 1L S 35 n s AR 1Y
A R R 297 J7 R /hm® (D3) (it IR & A
1 200 kg/hm* (F2) B , Bk & . 32 226 L ob 1 AR
SPADH A MR e K, 70 5 23.15.0.4 cm
M123.5 em?.43.6.,20.31 pmol/(m*-s) ; & B 5 m
Tl A 285 R it TS - 3% BE 05 4 i b 4% S D D b
Ji ik . D3F2ARBETN , KREH S h 5500k
0.11.0.91 /B, b 358 T Ho Al b 3 ; [ B, H 7 1
FVR o B R A A B By, 40 ) o 416.74 T3 Kz /hm?
mM72.1%.

S
(1] AR RRER . /K HE Bt N B S RN 5 28 S5 B 38 A KR 75 19 32 il
(D] g1 7 HE K%, 2018.
LI Q C. Effects of water and fertilizer supply and light on the
growth and development of potato mini-potato[D]. Yinchuan:
Ningxia University, 2018.
EA R R A SR L R TS T] R
MR AR (R B4R ), 2019, 21(4) :8-13.
WANG Z,LIU D C,ZHAIT Y. The development of potato in-
dustry in Hebei provincel[J]. Journal of Hebei Agricultural Uni-
versity (Social Sciences),2019,21(4):8-13.
[3] #EWE =2, Al A PR P, 45 . 1l i 25 8% 3 0 20 45 2 BRI ]
AT P A B2, 2016, 44(7) : 1033-1036.
HUO X L,MENG Q Y,HAO B P, et al. Analysis of the status

quo and problems of potato nutrient management in Shanxi[J].

—
(8]
[}

Journal of Shanxi Agricultural Sciences, 2016, 44 (7) : 1033-
1036.

[4] hge 2, sR AL, sk 4% al, A% . 4% MR AL X 572 3 5 88 5 T4

JRCBLER 7 e A K S A B4 5w [J]. VR 274, 2021,47(2)
320-331.
LIU Y L,GUO X S,ZHANG X C, et al. Effects of planting
density and fertilization on dry matter accumulation, yield and
water-fertilizer utilization of dryland potato[J]. Acta Agro-
nomica Sinica, 2021,47(2) :320-331.

[5] TR, sk, Jr AN, 55 . W 20 I8 il 048 % X 4 R 35 28

b Bl v T 4 S K 43 R R A A S A (D). VR W 2% 3, 2019, 45
(5):764-776.
YU X F,ZHANG X C,FANG Y J, et al. Effects of top dress-
ing with reduced nitrogen fertilizer and density enhancement on
water use efficiency and growth of potatoes planted in mini-
ditch on ridges with plastic mulching[J]. Acta Agronomica Si-
nica, 2019,45(5) : 764-776.

[6] FARRAN I, MINGO-CASTEL A M. Potato minituber pro-
duction using aeroponics: effect of plant density and harvesting
intervals[J]. American Journal of Potato Research, 2006, 83
(1):47-53.

[7] CALISKAN M E,YAVUZ C,YAGIZ A K, et al. Comparison
of aeroponics and conventional potato mini Tuber production
systems at different plant densities[J]. Potato Research, 2021,
64(1):41-53.

(8] Rk, v se, £ A7, 55 . o 2 2 X0 I3 75 &5 4% S U 2 1Y

SB[ T AR MBI, 2013, 54(8) 1 1-3.
CHEN Y W, SHEN Z R, WANG Q, et al. Effect of different
planting densities on virus-free potato minitubers[J]. Ningxia
Journal of Agriculture and Forestry Science and Technology,
2013,54(8):1-3.

(9] M B . a8 R A4 = FORBERED] KV - 0 Rl K
2%,2005.

XIAO X F. Studies on the technology of minituber production
[D]. Changsha:Hunan Agricultural University, 2005.

[10] MR, Mo 25 B, 45 ARG 77 200 B 4% 8 4 K % 7™

2 EE IR T VO A 3, 2013,26(4) 1 1741-1743.
TIAN Z M, YANG L J,FENG Y, et al. Effects of different
fertilization methods on growth and yield of potato[J]. South-
west China Journal of Agricultural Sciences, 2013, 26 (4) :
1741-1743.

[11] S, Mk, i 2 58, 45 . B XA HUIL B R AL X £ 4F %

AF - S B0 1 S5 R D R B S B R R [T, MR 2 K, 2023

(4):159-164.

HU X Y,LIU Y Q,XIE K Z, et al. Effects of organic fertilizer

replacing nitrogen fertilizer on soil physical chemistry proper-

ties and potato quality under continuous cropping in arid area

[J]. Crops,2023(4) :159-164.

IR/ B X IE A i FIE X VG b DX T B B R A IR

FZS 7 A R B [T]. P4 e Al 2 4, 2010, 19(1)

86-91.

SU X J, WANG P,LIU S Y, et al. Effect of fertilization on

the nutrient uptake dynamic, yield and quality of potato in

[12

[}

Dingxi Region[J]. Acta Agriculturae Boreali-occidentalis Si-
nica,2010,19(1) :86-91.

.79.



WIPE AP B 22 2026 AR5 54 4555 2 1)

[13]

[14]

[15]

[20]

+80-

E R R, 5 RIS & /NS RE A AN
FEA IR AT B AR A AL 2015,26(9) : 2707-2713.
WANG Y C, LI C X, DAI X L, et al. Effects of cultivation
patterns on the radiation use and grain yield of winter wheat[J].
Chinese Journal of Applied Ecology,2015,26(9):2707-2713.
H =, BROROnE , B RV 2 A ] FE R 085 B o 5 28 O 5 4
PEAN A2 T]. PE AL 22412, 2010, 19(6) : 95-98.
TIAN F,ZHANG Y C,ZHANG F J, et al. Effects of fertil-
izer and density on photosynthetic characteristics and yield of
potato[J]. Acta Agriculturae Boreali-Occidentalis  Sinica,
2010,19(6):95-98.

TpJRR AN [ R T T % R A A R e 1 B TR
[D]. sk K 1 b db Jr 22 Be , 2023.

SU C C.
growth and yield of potato mini-potato[D]. Zhangjiakou: Hebei
North University, 2023.

IO, R T A Th R B R SR R 1 23 YR L
FARBIFL[C/ /2020 4F b [6 T 88 R 218 30 . E 6, 2020
336-343.

CAO L L, WANG Y,FENG J, et al. Research on the Frac-
tional Harvesting Technology of Potato Micro Potato Sub-
strate Cultivation[C]//Proceedings of the 2020 China Potato
Conference. Dingxi, 2020:336-343.

SRR BSE XS LA M 0 AR R X e 2 ) ey
ik M 9 B AR A A S R [T, 9 R AR B2, 2025, 54
(7):30-39.

CATZ C,LUL Y,LIU Q Q, et al. Effect of fertilization and
planting density on yield, quality of oat forage and soil physico-

Effects of different cultivation measures on the

chemical property[J]. Journal of Henan Agricultural Sciences,
2025,54(7) :30-39.

B, T E LD FRAE A AN [ AL R X B K e R R
SR mT] L va Al B, 2025, 53(3) : 50-57.

MENG Z Y,WANG Y H,GUO D, et al. Effects of different
planting densities on yield and agronomic traits of summer
maize[J]. Jour-nal of Shanxi Agricultural Sciences, 2025, 53
(3):50-57.

ERA R AROC . R RN F3 KT R AR %% X E 7 A
PP S A 7 RS2 (7] P el 2 4, 2019, 28(2)
198-203.

WANG Y S, YUE Y, LI X W. Effects of different planting
densities and fertilization amounts on straw mulching potato in
Dingxi areas[J]. Acta Agriculturae Boreali-occidentalis Sinica,
2019,28(2):198-203.

PR, R BT AR AR B R 6 4 TS AL
T A0 2 SR A S R R (7], 74 R ARl 2 4, 2017, 30(11)
2454-2460.

LIANG S M,LIY S,YANG Q F, et al. Effect of 4 planted

densities on breeding Tuber seeds of 6 genotypes mini-tubers

—
Do
—

—

—
Do
w

[}

—
o
=

i

[25]

—
Do
(2]

[}

[27]

potatolJ]. Southwest China Journal of Agricultural Sciences,
2017,30(11) : 2454-2460.

KOMUbR , £ AR L T3 4R 85, 55 2% B R[] AR 2 X B 4% 4 7
Lo ez 5 8] 43 A7 (9 5200 [T). PG 6 A MOBHBE T 2 2 4 CF AR L
SR ,2017,45(7) :15-23.

ZHENG S L, WANG L J, WAN N X, et al. Effects of plant
density on Tuber yield and spatial distribution response of po-
tato from different ecological regions in Sichuan[J]. Journal of
Northwest A &. F University (Natural Science Edition), 2017,
45(7):15-23.

BRI VT R L 5 AR AL T R
SRR LR [T, (7 4 BL2, 2018, 46(9) : 1506-1508.
JIAZR,LIJH,WU Z X, et al. Effect of bio-bacterial fertil-
izer on yield, quality and economic benefit of sweet potato[J].
Journal of Shanxi Agricultural Sciences, 2018, 46 (9) : 1506-
1508.

LR . 51 T 8 5 MU AR SRS vl NS AR AP FE (D). R -
THRKE,2013.

BAT R. Studies on fertilizer-required characteristics of potato
and precise fertilization technique by dry farming[D]. Yinch-
uan:Ningxia University,2013.

IS AR T it AL 2 L AR T R A I e ) B T
(D] A 4 - 9 58l Rl R, 2022.

WU C Y. Effects of fertilization volume and density on
growth and yield quality of dryland potatoes[D]. Hohhot: In-
ner Mongolia Agricultural University, 2022.

BB, RO, 4w I AR X N R R
R R [J]. P8 3R 5 IRL A 4R, 2011, 17(4)
815-822.

CAO Q,HE M R, DAI X L, et al. Effects of interaction be-
tween density and nitrogen on grain yield and nitrogen use effi-
ciency of winter wheat[J]. Plant Nutrition and Fertilizer Sci-
ence,2011,17(4):815-822.

WA N, TSR, iR, 5 BT RSB KRG 1 L
U7 B & m AL U5 (0], AL 8 R S0k 24, 2022,
28(5):880-893.

SHEN R C,DING W C, GAO Q, et al. Optimized nitrogen
fertilizer management for potato in northern China based on
the nutrient expert system[J]. Journal of Plant Nutrition and
Fertilizers,2022,28(5) : 880-893.

VFEFR B P00, 4 8 S R S AR AR
A e A RIS AR 2 R R g [T, A RO 2% 41 L 2020,
35(4):406-413.

XU G C,LTH W,LUO W B, et al. Effects of planting density
and nitrogen application on yield and nitrogen utilization of
winter potato plants[J]. Fujian Journal of Agricultural Sci-
ences, 2020,35(4) :406-413.



