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Regulation of nitrogen-dense interaction on yield and nitrogen
fertilizer use efficiency of dryland potatoes and root mechanism

BAO Xiaoyan, MENG Haofeng, LI Lingling, WANG Chunyan, TIAN Xin, WANG Xin, WANG Weigiang
(College of Agronomy, Gansu Agricultural University, State Key Laboratory of Arid Land
Crop Science, Lanzhou, Gansu 730070, China)

Abstract; This study aimed to explore the response of root morphology and root activity of dryland potatoes to
the interactions of nitrogen application and cultivation density and its effect on yield and nitrogen fertilizer use effi-
ciency, and to screen the nitrogen application rate and planting density suitable for potato production in the dryland
area of central Gansu. The experiment was conducted during 2023-2024 with three nitrogen gradients (NO: no ni-
trogen fertilizer; N2: 200 kg + hm™ nitrogen; N3: 300 kg - hm™ nitrogen) and three cultivation densities ( D1 ;
37 500 plants « hm™>; D2: 52 500 plants - hm™; D3 67 500 plants + hm™>). The effects of different nitrogen ap-
plication rates and cultivation densities on root morphology ,root activity, yield, and nitrogen use efficiency of pota-
toes were determined and analyzed. The results showed that the root morphology of potatoes under N2D2 treatment

was better than that under other treatments. Compared with other treatments, the root dry weight of potato under

N2D2 treatment increased by 9.54% ~151.15% and 3.89% ~134.41% during tuber swelling and starch accumula-
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tion stages,respectively, and the root surface area increased by 12.73% ~65.08% and 7.37% ~91.03% , respec-
tively. The root length and root projection area increased significantly by 3.89% ~ 134.41% and 8.92% ~72.43%,
respectively, during the starch accumulation period. Root volume and root activity increased significantly by
13.89% ~63.05% and 10.95% ~ 72.46% , respectively. The yield and nitrogen use efficiency of N2D2 treatment
were the highest. Compared with other treatments, the yield in 2023 and 2024 increased by 4.11% ~150.32% and
3.94% ~169.25% , respectively. The agronomic efficiency of nitrogen fertilizer increased by 6.94% ~77.59% and
2.74% ~108.56% , and the partial factor productivity of nitrogen fertilizer increased by 4.12% ~94.21% and 3.95%
~121.55% , respectively. In summary, the nitrogen application of 200 kg + hm™ and cultivation density of 52 500
plants + hm™ could effectively promote root dry mass, root surface area and root volume of potato per plant,enhance
root activity, improve root absorption capacity, increase the number of potato per plant, thereby improving potato

yield and nitrogen use efficiency. It is a suitable nitrogen-dense interaction cultivation mode in the rainfed central

Gansu Province.

Keywords: potato; nitrogen-dense interaction; root morphological; root activity; yield; nitrogen fertilizer

use efficiency
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Fig.6  Effects of nitrogen-dense interaction on

root activity of potato
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16.12% ;N2 jifi & & T, N2D2 %58 HoAth 25 B 4b BEAR £
T BN 10.95% ~15.61% . TETER TR B, [F]
— T N2 i A A HAR RIS ) 8 E KT N3 M
NO; N2 Jii & T ,N2D2 48 N2D3 AbBEAR R 3% ) 3
Hahn 8.20% .,
24 FEZEEVNSREFENTMN

FH 1 AT, il 220 o 0 AR 3% 5 BE X 2023 4F Al
2024 A1 EhA B g 1 LA B B 2 ), R0 ELAE X
2023 AFEF 2024 4F 77 a5 3 0 A ik 2 A S 2 R
2023 4F N2 A i T 3 %5 B AL B Y B R 45 B AR
NO Fll N3 Jiti U T AH 25 FE AL TR 53501 i 35 $275520.30%
~38.78% 26.07% ~40.74% F| 41.21% ~72.54% ,2024 4F.
S 22.83% ~45.16% 28.75% ~42.69% Fil
28.40% ~ 44.22% ; N2 Jiti A & T, 2023 4 N2D1 %%
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N2D1 A P Ak 3 B R 25 S5t 25 4 55 3.28% ~
39.36%, 2023 4F N3 jifi & e 3 %% B b B ) 2 oy
A NO A N2 it U Y 3 N4 B A #R43 31) 8 25 4 v
32.04~57.03% \22.78% ~47.28% F 22.76% ~ 48.44%
2024 4F 43 5 i 2 1R 5 18.67% ~ 53.94% . 15.94% ~
41.21%F1 14.87% ~41.53% ;N3 iR & N, PIAE& 5
W R YA, W% R ,2023 4 N2D2
A it A B £ W 4 R 7.18% ~75.81% ,2024
4 N2D2 % N3D2 N2D3 %5 N3D3 b 377543 551 i 3%
HEAIN 11.14% F11 10.48% ; N2 Jifi & &, 2023 4 F01 2024
4F N2D2 AbFE = & 34 K T N2D3 Ab B, H % N2D1 Ab
FRA 5] (25 18I0 27.60% 1 43.94%, T A5 Ak B h
N2D2 j= it = , 4350 16 555.05 kg + hm ™ Fil

25 REBENDHREBEREF ARENZN

FH & 2 AT it 280 X A AR IR A 2 R FH R A
R A 7 77 3150 M A 35 AR 4 B X 2023 AR
RO A 7= 15 M R 3, ¥ 2024 A EUIRAR 22 R R
SR A= T ma i 3 AU BAEXT 2023 A
RO A 77 0 S35, % 2024 4R B AR AR 77 1 50
Wl 2, Al —%5 BN, AR 88 B AU AR 2 1) T
AR A 7= 1 ¥R B N2>N3, N2 i 2 &
2023 4 N2D2 Ab A A 24 R e die K, B A Ak
PRI 6.92% ~ 77.56% , FICAw AL 7= J1 % N2D1 4k
P EHA N 27.61% ;2024 4F N2D2 # N2D1 AbFRZ
JE e 2 ) FH 2 S5 1 0 31.43% , BN A= 77 g 5
b2 b L 25 BT 3.95% ~43.93%

®1 AFOENDREFERFEMEERHZIG
Table 1 Effects of nitrogen-dense interaction on potato yield and yield components
2023 2024
A HARAE SR L iy P HARRSE R LI Yt P
Treatment  Number of potatoes Single potato Yield Number of potatoes Single potato Yield
per plant mass/g /(kg - hm™) per plant mass/g /(kg + hm™2)
NOD1 4.10+0.04de 43.01+1.14d 6613.49+245.61e 3.83+0.02f 50.67+1.90e 7278.83+309.75¢
NOD2 3.78+0.06de 47.42+0.76¢ 9416.51+47.38d 3.77+0.04f 56.94+1.69d 11268.39+253.55d
NOD3 2.84+0.06f 48.18+0.06¢ 9225.78+190.25d 2.77+0.01h 57.54+1.98d 10745.30+385.08d
N2D1 5.69+0.32a 51.15+0.91¢ 12974.50+234.67¢ 5.56+0.05a 65.73+2.41¢c 13615.79+492.93¢
N2D2 5.32+0.19ab 56.88+0.97b 16555.05+£263.61a 5.38+0.08b 69.34+0.65hc 19597.90+483.90a
N2D3 4.90+0.84b 58.26x1.85b 15900.78+903.41ab 3.99+0.10e 70.89+2.74b 18854.14+576.96a
N3D1 4.73+0.20bc 67.54+6.31a 12787.46+268.35¢ 4.54+0.03¢ 78.75+1.92a 13268.25+233.41¢
N3D2 4.22+0.23cd 69.84+0.54a 15445.75+444.54h 4.18+0.07d 80.40+2.00a 17633.74+544.69b
N3D3 3.47+0.35¢ 71.52+3.23a 15291.23+746.05b 3.11+0.10g 81.43+3.28a 17066.13+566.69h
7 EHr Analysis of variance

N * % * % * % * % * ok * %

D * % * % % % EE * % * ok

NxD ns ns # ® o ns ®

0 RIS R/ING FhEF R A 3] 2 5 B 2 (P<0.05) . # * :P<0.01; * :P<0.05; ns: LB HEERF ;N AT ;DR IESE ;NxD, A% H.

i, T,

Note : Different lowercase letters in the same column indicate significant differences between treatments (P<0.05). * * . P<0.01; * . P<0.05;

ns: no significant differences. N Nitrogen application rate; D Cultivation density; NXD: Nitrogen-dense interaction. The same below.

®2 RAEBLEMNDIREREHALEMNEM (ke - ke™')

Table 2  Effects of nitrogen-dense interaction on water and nitrogen use efficiency of potato

2023 2024
A BRACE R UL RE ) RUEAEFIHR R
Treatment Nitrogen fertilizer Partial productivity Nitrogen fertilizer Partial productivity
agronomic efficiency of nitrogen fertilizer agronomic efficiency of nitrogen fertilizer
N2D1 31.81+2.32a 64.87+1.17b 31.69+3.59b 68.08+2.46¢
N2D2 35.69+1.55a 82.78+1.32a 41.65+0.40a 97.99+1.42a
N2D3 33.38+3.63a 79.50+4.52a 40.54+2.08a 94.27+0.89b
N3D1 20.58+1.71b 42.62+0.89d 19.97+2.32¢ 44.23+2.73e
N3D2 20.10+1.62b 51.49+1.48¢ 21.22+0.26¢ 58.78+0.62d
N3D3 20.22+2.81b 50.97+2.49¢ 21.07+2.16¢ 56.89+0.93d
J72250HT Analysis of variance
N % % % % * % * %
D ns EE Y * sk * sk
NxD ns * ns %
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26 DHRERZESMBEHISFERRENAKY

RMBEDT

ML 7 o R R R MRS B T, DA
R B AR AR TR AR R B A AR,
AW 52k D EAHCCR, WA E
BREPREIEMAXCR, SERER TR RREL
A MR SR b R BRI
TURAR B (3R R XHE ) R B AR AR
(0.488) >BARREE R (-0.341) >H LI FL(0.326) >
MFH (0.290) >R K (0.154) >R RZFH H R
(=0.127) > B B fFi & (- 0.026) > H F %5 1 1
(=0.025)>H &A% 11 (-0.015) ;# it SR E=FH Y5
A RBR I A] 42 30 A2 R ECT 0 AR T (-0.217) |
AL (-0.212) MKW (-0.206) AR FR B A
(=0.156) AR FH (- 0.206) . H & F ¥ B %
(—0.293) AR 2R 1% 11 (-0.237 ) 10 12t 5 Wi B Ak 45 25
HOek 7 i ok R R Y R T w2 R
(-0.020.-0.011 ,-0.017 ,-0.021 ,~0.008 F1-0.014)
XErEm TR, L, S AR R Rl i Y
M AR T o £ AR 3R T AR A B LA i 5 4% 8 7 i
OE) 18

H [l 8 W], AN [ i 2R AR A % R AR T
R RR A RARR AR RS ARk 2
FIFH N I A 77 7 3 S B 35 IE A R R
AR T R R RIEA AR SR K
PR 20 I A 24 ) 3 1Y) L Dk AR e By AR
FI71(0.664) >R (0.335) > R &5 11
(=0.172) >R THE (-0.125) > K (0.122) > &
P EHAE (-0.058) SHAAFL(0.030) , X EE I 2E
PR B DR AR B RN R R J7(0.476) >R
R (0.475) >R AR BFZHF(-0.260) > R T
HAR(-0.244) SHRARFL(0.085) >R T Fi i (0.068) >
MR (0.052) , £ L RTAN, ShES AR R S 2 L 5 )
R Z2 1 1 FAR 2% 1 R 1 8 5 UM R A8 1
2Tt

30w
3] DRERREAESNMBERAMNEZTEED
i jz

MRZR T A B E 2 SR o, AR
AROLCEHERE W D8 B B AR KR T M D
PRI N, MR ZR TG 7 S AR T R A 35
55, AR R AR KT IR I3 OB R B 55
JEE N BE T A B AR AR, B KA A AR R R
PE s MR I8 1 B E

0.882%* 0.290

0.816%* 0.154

o315 041

0.920%* 0326

0.872%* 0.026

0320 -0.127

1:NP SP . RW RL RS .RP RV RD RA.Y AEN # PEPN
IINFR PRRES E R R U R T B R RR A
RABCE A AR R RV B WA 75 A
WREEF R ENC A7 0y, LR AR, iU
IR AR , HLOR BT Sl AH OG22 8, A AL B o 5l 42 B 48
# # :P<0.01; * :P<0.05, T,

Note: NP, SP, RM, RL, RS, RP, RV, RD, RA, Y,
AEN, and PEPN represents the number of potatoes per plant,
single potato mass, root dry mass, root length, root surface area,
root projection area, root volume, root average diameter, root activ-
ity, yield, nitrogen fertilizer agronomic efficiency, and partial pro-
ductivity of nitrogen fertilizer, respectively. The solid lines
represent direct pathways and the dashed lines represent indirect
pathways. Values in bold are the correlation coefficient and fine
values are the path coefficient. * * ; P<0.01; #* : P<0.05. The
same below.

B7 REESHRRENEFENERSH
Fig.7 Path analysis of root morphological

structure and root activity and yield

0,086 ~0.172_@ 0172 0260 mepy

B8 WREESHMRREFBNSREFAUENBESHN
Fig.8 Path analysis of root morphological structure

and root activity and nitrogen use efficiency

Li BRI R B, FE T RAUE T, A AR
R, AR R AW R AR, APFRR], TR
SRR 5 TE A AR R T & 300 kg - hm b HE
PR IR TR 200 ke - hm P AbBE, 2K
FHEE IR R, AA AT DR ERAAK,
ALt 20 A 3k — PR D A% AR R A K R
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IR, AR08t 2k PR, Bt 25 it 280 A 884, 7
PE SR E Y YN RN Ay IR A
PR MR AR B AR ZR 485 1 A AR AR
FRZR Y AR YRR N2>N3>NO; fEHLZE i K
W~ ERY R R, N2 it U AR R R R
K, U B FEE B AU T, AR R HLA B0 1 ik
FEor I RE
FEMNEORAREWAER AT BAEEY
M, B R R, TR AR TR R AT
TR B B AN S KR B AR A, AT
GERIL, TR ZE NG R 5 VE M FR B, 4 o bk
RF B AR AR A R 2R B A AR AR
FIAR 2T 7 B4 AR B 2% 1 i 36 I 2 B R e Tt & )5
RS TEBZE T i), S IR T IR A TE
A RURR 22 106 7 DU it 25 2% B %) 398 o 1717 320 3457 38 o, 0T
SRR AEAE B IR S AR AR /N, SR Z ) 3
F/N,6.75 Ttk « hm AR ET TR R 5w AR
FARKAGE AR S FEAR P G I, 5 B0UR R 4R
K55 >, MR LN 5.25 Ttk - hmHE, 5
A2 A RRAR FR ARAS AR B0OE B AR KA A AT
TR R AR R IE B IR B R R R 1, B
FARRE B P, BARRAR 2R AT IR B 4 3% 4 A
WP SER R KRG XELOH K e = A
A F N, DR N RHAR RIE S (R AR R
AR 2R B R T BRI RR) 2 iR R B D3>D2>
DI, R Ak 5 % B B H AR IR R L H B
T T REURE AR 508 T, MR 2R 9 2548 A AT o o
W R I A,
32 AFEEMSREFERTEZFHNIIMD
AEREWERK LB I WS R R,
B R RS AR 7 ) AR B R e, A WA
Y= A B B, TR E Y R &
PR, Bl il A A B T, R D 4 B 2R R B
RGN R A I R B ] — R B
T, 7F 200 kg - hm {9t AU T A b, Y
Jiti &N 300 kg + hm 2 PR IT A R, B0
U g & B, FE AR LRI B RS S T, &
HH A R T R DA AR S A T R A S
RGBT, A 9T & B, 7 A B R P BB
G5 SO A4 S R B B T e K, PR 4 S R il
SRR A T S22 SR N AR AV A 3 T B 5 o i e
SR IR K, 5 A ZE 45 S R T e R
B NS A A5y T 25 5, ARSI A R
b7t R s O R = R N . A R
T, ThA S i B 5 2 B B S SR NS T R

FAR X HRE L S R s R B B ARFSE
T e T 5 X R R 0 % B A3 K, Sk g
PREEEHOE WINPT SRR AR5,

RIS 52 M T 52 2 5 4 X VR 2 7= g R
PErm ) EZER R P i LR FH R0 5 b B
PR A Ay, BT AR R, B
FNE T FH 20 % I it 280 2t 1 338 222 S 185 i i 9 /D
PO AR g & B, TR — AR R, 200 kg -
hm i & T S48 2 R AR 2= R F A E A A
S8 F KT 300 kg - hm it AR B 15 AU
et e, A R 2 AR WA BB i 3t 2% i
AR TSR R AR, 15 B AR 5
25 BT LABE AR 2R X e s SR n R Mk A
ST, 2 g A 7 AR R R
AR AR, [ —H A aE T, B8 ERNNRFFH
SRR et A= 7= 0 357 i A ok 35 % B 3 I S K
JEUUIN, TEAR B BB 5.25 Tk - hm EHR K, 1E
PRI L T AR B A B I X 0 BF S R R, i R
110 kg « hm AL A ARKTHE 6.67 JTHE « hm 5/ F
g Bt A BT R A 80 kg - hm ™
B AR BB 11 TR - hm P& AF T, A RIE A
FH sk R 5 7 ¥y e K5 i AR BF 9 LA iE &L 200
kg + hm™ FRIGHE 5.25 JIkk - hm 2 Lb B D45
5 /U R FH 850 B i, v RE A TR 6 A Ak
1 IESERRAL 7 5 ARG SRR AS [R] 3
33 DRERZRESHARREANTESRER

AMEREE

TR PSR Y, o 2E SR R A K A58
— 2, FABFSE & B, it 20 X AR R 1Ak PN AR B A
FRRERK KB A W50, GBS 815 R0 )= 3 %
2R I A R RN 5 2 8 W AT, AT 348 o 245 < 55 R
PR RSO BN A R H S 1R
YIAR R A A AT B | 3 R A AR 35 9% B AT DU i
WAEAK, AR THREERDY ) R RN, %
RIS T, B 2R R I FE H A R I 2 DU A
200 kg - hm™ FRKFHE 5.25 Tk - hm AL HAR R
TEATIR R ) R A4, HOWAR 7™ & 5 5, 13X Ui
P 8 A KA RO P B, iR R R B FLA
T EZE A B 2R | 8 o 45 A 38, M
BEERY AR AT, DR ER A R
S MAAR AR 2 1 AR AR AR R 1 G, i Sh 4R
AR AL RE Ty o, 2 U 1D Y B RR 45 RO
T, DT T 4% 2 7= a4

R F M 1 1 55 0 1) E 288 R RIE AT
TR WA 25 e, AR R I R A E AR R
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Xt RE BB AR R Y AR, 3
AR 3 A AR AR R R R e e i S IR R AR
R AE6.25 Tkk - m P RS E T, SRR
PRI FNVE A A R R R e P 7E e
AR R B4 55 ¢ A 5 A ], S SR P A KRBT
R, AR R LT 2, IR I BEFE L, R BRI AR
FEFYREE S AR R, DR
AR R I )RR 2 T AR e S R R AR L
A 200 kg + hm™ ARIGH R 5.25 Tk - hm b3
SETESR L R W AE B AR 2R K AR R
AR RS A AR BURR &R 56 Sk, ZIE
A7 R RNEAR 2 R T 3 de e, X 5 WD ABIF ST 45
FAAL 3 I SR AR 2R AT 38 B % £ 1 5R 4%
F1hy T WA T R R I A g, DA T R R AL IE R
& S

4 & ik

W RV, B E FEZR T A,
R 1A RRURITAR (A AR T B2 52 i), S0 N0 ) R Ao ) = 2
FHAR ARG AR R T AR A% . 5 A AL FRAH [ it
A 200 kg - hm > AC & #H5 % B 5.25 J7 bk - hm ™ 4b
P S A HOE N KR & T ) 0 2 4 9.54% ~
151.15% , FRARFR R 23 13.89% ~63.05% ; TEHRZE
g5 K H R0 UE By B SR M, AR T T 6 A3 )t 3 M
9.54% ~151.15%1 3.89% ~ 134.41% , < 1 L 53 )
AN 12.73% ~ 65.08% F1 7.37% ~91.03% , 45 F]
TR 25 BB TR B, AT i D S T R
3.94% ~ 169.25% , A NE A = F| H R 38 0 2.74% ~
108.56% , AL A= 7= T8 5 3.95% ~121.55% , il 1
SR B H SR A X D R S I R AR AR AR
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