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Effects of Nitrogen Application Rate and Planting Density on Dry
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Abstract: In order to explore the effects of nitrogen fertilizer application rate and planting density on the source-sink
relationship and yield of sweet potato during ridge-sealing period, and to improve the cultivation techniques of sweet
potato in Hainan, a field experiment was carried out from 2019 to 2020. The fresh-eating sweet potato variety Gaoxil4
was used as the test material, and three planting densities were set up, namely 47 600 plants/hm” (D,), 71, 400 plants/hm’
(D,) and 142 900 plants/hm” (D;). Four nitrogen application rates (0 kg/hm?® (Np), 60 kg/hm® (N;), 120 kg/hm* (N,),
180 kg/hm® (N3) were designed in a double-factor split plot design with planting density as the main plot and nitrogen
application rate as the subplot to study the effects of different planting densities and nitrogen application rates on pho-
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tosynthetic characteristics, the relative chlorophyll content (SPAD), stem and leaf growth, dry matter accumulation and
distribution in source and sink, tuber characteristics in ridge-sealing period, yield and its components and commodity in
harvest period of Gaoxil4. Under the same planting density, the net photosynthetic rate (P,), fresh weight of stem and
leaf, number of branches, longest vine length, number of tubers per plant and single tuber weight of commercial sweet
potato increased first and then decreased with the increase of nitrogen application rate, and reached the maximum at N,
treatment. The yield of sweet potato increased first and then decreased with the increase of nitrogen application rate, and
reached the maximum under N, treatment, which was 32.0% higher than that under N, treatment, but there was no sig-
nificant difference between N, and N, treatments. Under the same nitrogen application rate, the dry matter distribution
ratio of sweet potato roots increased first and then decreased with the increase of planting density. The D, treatment
reached the maximum but there was no significant difference between D, and D; treatments. The root shoot ratio and
yield increased significantly with the increase of planting density, and reached the maximum at D; treatment. The yield
of D3 was 30.9% and 24.1% higher than that of D; and D,, respectively. The results of correlation analysis showed that
the nitrogen application rate and planting density had significant effects on the dry matter accumulation and distribu-
tion of root tubers, while the planting density had a significant positive correlation with the yield of sweet potato at
harvest stage, and the correlation coefficient was 0.704. Based on the results of this experiment, when the nitrogen
application rate was 60 kg/hm” and the planting density was 142 900 plants/hm* (D;N;), the yield of Gaoxi 14 was the
highest, reaching 30.1 t/hm’, and the corresponding potato commodity rate was 94.3%, which was the best among all
treatments.
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Tab. 1 Photosynthetic characteristics and SPAD values of sweet potato at ridge closure stage under
different nitrogen application rates and planting densities
Kb Treatment SPAD Py/(umol-m-s™") Gy/(mol'm?-s™") Ci/(umol-m2s™) T,/(mmol-m?s™") WUE/(umol-mol ™)
D, No 41.7+£0.4% 12.8+0.3% 0.3+0.0% 278.3+14.6" 4.0£0.6% 3.3£0.5%¢
N, 44.1£1.3% 17.5£1.0° 0.5+0.2° 294.0+12.8° 5.240.7° 3.4+0,3"
N, 42.6+0.6% 11.7+0.6° 0.2+0.0% 274.3+17.6% 3.4£0.4° 3.5+0.5%°
N; 41.7+1.1 8.5+1.2¢ 0.1+0.0° 272.3+14.7% 3.2+0.5% 2.7+0.44
D, No 42.3+1.0% 14.4+0.3 0.3x0.0° 278.7+4.2% 5.2+0.3° 2.8+0.2¢
N, 432405 19.4+0.7° 1.0+0.1° 328.0+3.6° 4.740.5° 4103
N, 43.942.6" 15.3£0.4° 0.3£0.0° 282.3+8.5™ 4.2+0.3° 3.6+0.3"
N; 45.9+2.1% 10.4+0.6f 0.2+0.0% 268.3+5.7° 2.8+0.1° 3.74£0.2%
D; No 40.6+3.5¢ 14.6+0.5% 0.3£0.1" 287.3+19.8" 4.1£0.8° 3.6+0.7"°
N, 42.4£0.8% 19.4£1.6° 1.0£0.2° 330.0+2.7° 7.1£0.5° 2.7+0.1¢
N, 44.3+0.5% 11.3+0.4°" 0.1£0.0% 268.7421.5° 3.0£0.3° 3.9+0.3"
N; 46.6+1.3 10.7+2.3° 0.2+0.1¢¢ 271.7+2.3% 3.5+0.7°% 3.1£0.1¢
P D ns w3 *k ns ns ns
N dk kk dk kk k3k sk
DXN * * sk ns sk *
P<0.05 .* P<0.05 ** P<0.01

ns R/ARZEFRABE, D: FMEBEE; N: figlid; DxN: Fe: i s 01,
Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). * indicate significant difference
among treatments (P<0.05), ** indicate extremely significant difference among treatments (P<0.01), ns indicate not significant difference

among treatments. D: Planting density; N: N application rate; DxN: Planting density and N application rate interaction.
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application rates and planting densities

Tab. 2 Stem and leaf growth of sweetpotato at ridge sealing stage under different nitrogen

b - fief ENGT =M ST NR IS SRR
Treatment Leaf fresh weight/g Stem fresh weight/g Stem diameter/mm  Longest vine length/cm Number of branching
D, No 91.8+9.7° 23.5+4.9% 7.0£0.8" 25.5+0.7°% 4.7+0.6>¢

N, 181.6+8.6" 49.4+10.2% 8.4+1.1° 44.1+5.9° 7.7+1.5°
N, 206.1+43.3° 55.7£12.1% 8.0+0.8" 39.8+0.4 5.7+1.5%
N; 184.0+£61.0° 61.2+14.6 6.3£0.7" 40.4+3.0° 6.0+0.0"
D, Ny 64.0+8.4% 15.1%2.1%¢ 6.3+0.8" 22.8+3.6° 4.0£0.0*
N, 209.6+76.8" 46.8+5.3° 7.9+0.6" 31.9+0.5% 6.0£1.0™
N, 112.2+23.5° 28.4+2.2° 5.940.5° 33.6+2.8" 5.7+1.5%
N; 122.1£21.5" 24.7+3.7%¢ 7.240.9™¢ 30.0+5.4%% 5.0+0.0°¢
D; No 44.8+12.9° 12.5+4.8¢ 6.9+1.5%° 26.7+9.1°% 3.7£0.6°
N, 81.3+29.8% 22.5+6.2%¢ 7.7+1.4® 29.6+4.9%¢ 4.0+1.0%
N, 89.916.9% 22.7+2.4% 6.84+0.3"° 30.9+3.2%% 4.0£0.0°
N; 92.6+26.8 23.3+4.5% 6.90.5™° 25.0+£3.0% 5.0+1.0°¢
P D ks sksk ns kk kk
N ks ks * dosk dosk
DxN * ** ns ns ns
P<0.05 .* P<0.05 ** P<0.01

ns R/AREFARE . D: FHEBE; N: MiEEE; DxN: F e B A Tk,
Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). * indicate significant difference
among treatments (P<0.05), ** indicate extremely significant difference among treatments (P<0.01), ns indicate not significant difference

among treatments. D: Planting density; N: N application rate; DxN: Planting density and N application rate interaction.
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Tab. 3 Dry matter accumulation and distribution of sweetpotato under different nitrogen application
and planting density treatments at ridge closure stage

b T3 Dry weigh/(g-plant™') F¥ 543 it Lt Dry matter distribution ratio ﬁﬁw.
Treatment M Leaf 2% Steam 2 Root I Leaf 2% Steam # Root Root(—’t?(;%rano
DI N 11.6+0.4% 3.7+0.4° 30.5+£5.2% 0.3£0.0° 0.1£0.0° 0.7+0.0* 2.0+0.1°

N, 20.3+1.2° 5.8+0.8° 31.3£8.0" 0.4+0.1% 0.1+0.0% 0.5+0.1% 1.0+0.4%
N, 20.8+2.2° 7.2%1.4° 51.8+3.6° 0.3+0.0° 0.1+0.0"¢ 0.7£0.0* 1.9+0.3%
N; 25.8+1.1° 6.9+0.7* 9.6+0.7 0.6+0.0° 0.2+0.0° 0.2+0.0° 0.3+0.0°
D, N 8.3+1.1¢ 2.4+0.0° 19.5+1.1% 0.3+0.0% 0.1£0.0°% 0.7+0.0" 1.8+0.1*°
N, 19.4+4.2° 6.240.1° 37.8+3.8° 0.3+0.1°% 0.1+0.0% 0.6+0.1°¢ 1.5+0.3%
N, 12.8+2.3° 3.6+0.0° 22.0+7.5¢ 0.3+0.0* 0.1£0.0" 0.6+0.1 1.340.3%
N; 12.5+0.3° 3.0£0.2% 21.0+6.7¢ 0.4+0.1% 0.1£0.0"% 0.6+0.1% 1.4+0.4%
D; N 4.6+0.0° 1.5+0.1° 12.6£1.0° 0.240.0° 0.1£0.0°% 0.7+0.0* 2.1+0.2°
N, 9.0+2.7¢ 2.5+0.1° 24.8+1.4% 0.3£0.1° 0.1£0.0% 0.7+0.1° 2.2+0.5°
N, 9.8+1.1% 2.7+0.1° 10.7+0.41 0.4+0.0° 0.1£0.0° 0.5+0.0° 0.9£0.1¢
N; 8.240.8¢ 3.7+0.2¢ 10.8+0.6" 0.4+0.0" 0.2+0.0° 0.5+0.0° 0.9+0.1¢
= D o o o o s o ns
N ok o ok . o ok o
DXN k3 kK k3k ks *k ksk kK
P<0.05  ** P<0.01 ns XREFARFE. D:
RIS N. Wi DxN: Pl ft s & oAt

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). ** indicate extremely significant
difference among treatments (P<0.01), ns indicate not significant difference among treatments. D: Planting density; N: N application rate;

DxN: Planting density and N application rate interaction.
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Tab. 4 Characteristics of sweetpotato in ridge-closing period under different nitrogen application rates and planting densities

e PRI e S T bR R MR
T Storage root Root diameter distribution . . Single storage Single root
reatment . Single plant yield/g >
diameter/mm 520 mm 20 mm root numbers weight/g
D, No 19.0+2.1%° 4.0+£1.7% 1.7+0.6* 124.3+21.1% 6.3+2.3" 21.4+8.2%
N, 21.9£6.4° 1.741.5% 1.3£0.6" 98.8+51.7% 3.0£1.0° 33.7£14.8%
N, 20.8+4.8" 1.3+1.2% 2.0£1.7% 144.4+105.5° 3.3£1.5° 41.0£30.7"
N; 18.0+0.8* 2.340.6" 0.7+0.6" 55.6+24.3% 3.0£1.0° 18.4+3.3%
D, No 20.1+1.7% 2.3+1.5%¢ 1.3+0.6" 63.4+35.3% 3.3£1.5¢ 18.5+7.4%
N, 22.2+1.7° 2.0+1.0% 2.740.6 145.5+44.4° 4.7+1.5%¢ 31.4+1.2%
N, 17.8+2.3% 3.0+1.0% 1.0+0.0% 67.6+62.0"° 4.0+£1.0" 20.4+22.2%
N; 18.5+2.8" 1.3£0.6™ 1.7+1.2% 73.0+£48.4™ 3.0£1.0° 22.5+8.3%
Ds No 15.3£0.6" 2.342.1% 1.3£0.6" 59.3+14.0"™ 3.741.5% 18.2+8.5"
N, 17.1£0.2% 4.7+2.1° 1.0£1.0* 74.74£27.6® 6.0£1.0" 13.246.5°
N, 17.1£3.3% 2.3+1.2%¢ 0.7+0.6° 48.8+15.3° 2.740.6° 18.6+5.0%
N; 18.9+5.8% 1.0+1.7¢ 1.3+1.2% 47.2+2.8° 2.34+0.6° 20.8+3.5%
P D ns ns ns ns ns ns
N ns ns ns ns * ns
DxN ns ns ns ns * ns
P<0.05 . * P<0.05 ns BFAREFAEE, D: Ffh

MEE; N: Jih; DxN: Rk 28 B Rt S i AR

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). * indicate significant difference
among treatments (P<0.05), ns indicate not significant difference among treatments. D: Planting density; N: N application rate; DxN: Plant-

ing density and N application rate interaction.
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Tab. 5 Yield and its components of sweet potato at harvest under different nitrogen application rates and planting densities

Ab 3 IRV 24 Bk T P i
Treatment Storage root numbers per plant Root weight per plant/g Single root weight/g Root yield/(t-hm™?)
D, No 4.740.6® 271.2£109.2°% 60.8+32.8™ 12.8+0.3°
N, 5.740.6 327.0+63.1% 57.6+7.6" 21.2+0.6%
N, 5.7+0.6" 381.4+101.8" 68.4+22.0™ 21.2+4.5%
N; 5.0£1.0" 428.6+112.0° 88.8+29.6° 21.1+1.3%
D, No 4.0£1.0° 229.3+24.0°% 58.8+8.8" 15.3+1.4°
N, 5.340.6" 283.8+21.3% 53.4+3.4° 19.9+2.6¢
N, 5.0£0.0™ 276.5+81.6™% 55.3£16.3" 24.6+0.5"
N; 4.740.6® 293.7+76.6%¢ 63.9+19.1% 23.8+0.6"
D; No 4.0+0.0° 150.3+5.7° 37.6+1.4° 23.0+1.3%¢
Ny 4.7£0.6® 189.9+6.1% 41.1£5.6° 30.1£1.5°
N, 4.0+1.0° 235.7+33.1°% 61.5+18.8™ 29.4+1.7*
N; 4.0+0.0° 175.3+£68.7% 43.8+17.2° 27.7+0.3*
P D kK kK * ks
N * ns ns ok
DxN ns ns ns ns
P<0.05 .* P<0.05 ** P<0.01

ns R/AREFARE. D: FIEBE; N: A E; DxN: F e B A i Tk,
Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). * indicate significant difference
among treatments (P<0.05), ** indicate extremely significant difference among treatments (P<0.01), ns indicate not significant difference

among treatments. D: Planting density; N: N application rate; DXN: Planting density and N application rate interaction.
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26 AREEREMMEZEXNHEZWRKEH
R R 0

G /INX 5 BRAR ek 7 i S0 A 2 R DL
6. ik 6 A, BEEMAENIEN, HEH
S SR INE FEAR A, L AE N B A E)
TR, NoBfaRe/hy 85 /N 85 5 SR BRI e 48 n

as, HHEAE No BFE SRR HER A%
B PSEIE I AR S, LB AE Ny Ab B i
K, TE No Wb FREF /s o Bl P 2% B A3 1
BRSPS B BRI B, K
PHETE Dy A BERT ISR e K, 78 D3 AL FRET fe/)y
H /N AR BRIk , HIEAE
D Ab B 3R B e R 28 K v 1 3 B LSRG
JEREARI G, HIGETE Dy A PRI A B K, Fil
P FEXTH B bR B . SRR RT 4 B B
M, AR R EA R E, AR
AR ZE R AT, TR R TE D3N PR, 16
5] 94.3%; 7E D3N BT AR, 5% 43.0%.
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Tab. 6 Commodity of sweet potato root at harvest stage under different nitrogen application and planting density treatments

gb Liik7 3 iy M BARE T i 2 R NLTE %3 NGEEE %3 T it
Treatment Single plant Single root Commercial storage Small potato Large and medium Commodity
yield/g weight/g root numbers rate/% size rate/% rate/%
D, No 275.1+£73.3% 91.7+24 .4 3.0£0.0" 67.0£0.0% 33.0+0.0™ 90.7+2.6"
N, 348.8+79.1% 104.6+17.2%% 3.3+0.6° 69.7+4.6™ 30.3+4.6™ 69.3+1.1%
N, 358.0+£108.9% 140.1+5.2% 2.3+0.6" 61.0+£3.5% 39.0+3.5% 67.0+£1.5%
N; 411.8£122.4* 122.0£15.8%¢ 3.340.6° 41.742.2° 58.3+2.2° 81.7+1.6"
D, N 218.6+70.6° 92.7+8.3% 2.0+1.0% 72.342.5% 27.7+2.5% 77.0+1.4%
N, 213.24+36.2°4 116.2+7.1%% 2.0+0.0% 33.3+2.9° 66.7+2.9° 74.3+1.2%
N, 243.6£99.0%4° 148.1£33.9° 1.7£0.6° 33.3£2.9° 66.7+2.9° 63.3+1.6™
N; 296.7+101.6% 91.6+1.2% 3.0£1.0% 52.742.1% 47.342.1% 73.0+£1.0%
D; No 81.8+48.8° 58.8+9.4° 1.3+0.6° 100.0+0.0° 0.0+0.0° 43.0+6.6°
N, 169.1£172.0°% 126.8+45.1% 1.3+1.2° 50.0+0.0* 50.0£0.0% 94.3+1.9*
N, 154.0+87.6% 124.9+91.6" 1.3+0.6° 66.7+5.8" 33.3+5.7% 70.0+4.9%
N; 111.0+84.7% 76.3+25.4% 1.3+0.6° 83.3+2.9% 16.7+2.9% 46.3+1.5°
P D *x ns ** ns ns ns
N ns * ns ns ns ns
DxN ns ns ns ns ns ns
P<0.05 .* P<0.05 ** P<0.01

ns FAREFARE ., D: MHEE; N: EE;

DxN: Ffdi % B At S0 i BAE .

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05). * indicate significant difference
among treatments (P<0.05), ** indicate extremely significant difference among treatments (P<0.01), ns indicate not significant difference
among treatments. D: Planting density; N: N application rate; DxN: Planting density and N application rate interaction.
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FHAE, MHERED T H-0.576 F1-0.667. Ff

KT

X H S A . R R R 2R R AT
Pearson A CE23HT( 2 7 )0] W, jiti & & 5 SPAD,
T Bt B bt . T4 5 2K A E b AT IR I 1
BIRWEE EASC, MHXRES A 0.520,
0.629. 0.670 F1 0.489; H5Z&ffd T EMZET
HE B EIEAHSE, MCREUHIN 0.359.,0.354
1 0.388; 5104 HUR AR T4 5t 43 ic bb 22 1 4

FE B S5 ORI i A ARG, A R AL
9 0.704; HnpffE | ZRfEE | EEEK . R
M, ETEAMR T EY SN R EAHEE,
X RZBUT N H-0.574, -0.593, -0.447, —-0.541,
-0.712, 0.601 f1-0.521, ¥AHER SR T HEE
B IEAX, 5T W AR o Bl S 0 35 IE A,
F2E R B0 510 0.353 F10.523, PR EDOEA
FAMTHMR TP IR R 55000, fESEHPARTE 1.



768

O AE B F R

445 8

R7 HMEEMMHETESHERZHKHNEXES T

Tab. 7 Correlation analysis of nitrogen application rate and planting density with agronomic traits of sweet potato

?fei X, X, Xs X, Xs Xe X Xs Xo Xio X1 X1z Xi3 X Xis X
X;  1.000

X, 0.000 1.000

X;  0.097 -0.576" 1.000

Xy 0.121 0.5207-0.177  1.000

Xs —0.574™ 0319 0.049  0.122

Xs —0.593" 0.359" —0.073  0.035 0.901"" 1.000

X; —0.081 —0.091 0.338" 0.191 0.362° 0.355" 1.000

Xs —0.447" 0.307 0.004 -0.076 0.628" 0.722” 0.188 1.000

X, —0.5417 0.239  0.114  0.128 0.649™ 0.643™ 0.306 0.612" 1.000

X0 —0.712" 0.354" —0.110 —0.008 0.862" 0.933 0.253 0.722" 0.661" 1.000

X1 —0.6017 0.388" —0.072  0.028 0.871" 0.933™ 0.329" 0.666" 0.625" 0.904™ 1.000

X2 —0.5217-0.216  0.353" —0.075 0.552" 0.421" 0.433" 0.310 0.348" 0.410" 0.470" 1.000

X3 —0.175  0.629"-0.516" 0.122 0.313 0.477" -0.176  0.418" 0.298 0.550" 0.417" -0.504" 1.000

X4 0.080 0.670”-0.440" 0.271 0.229 0.367° -0.113 0.222 0.233  0.293  0.454™°-0.482" 0.733" 1.000

X5 0.108 —0.667" 0.523" —0.160 —0.300 —0.467"" 0.167 -0.384" —0.293 -0.505""-0.438" 0.534™ -0.985""-0.838"" 1.000

Xis 0.704 0.489™ 0.022  0.337°-0.124 —0.152 0.023 0.073 —0.135 —0.228 —0.181 —0.324 0.140 0.255 —0.184 1.000

T XieXue S AR FIA B | AL |

Pyt 3 BC LG . YRS BC L T B AN EE L | WS

P.. SPAD. NPT, E0FT . M. E2EK . MM, 0FTE,

*

ETE, RTE, T

P<0.05 P<0.01 .

Note: X;—X¢ represent planting density, nitrogen application rate, net photosynthetic rate (P,), SPAD, leaf fresh weight, stem fresh
weight, stem diameter, main stem length, branch number, leaf dry weight, stem dry weight, root dry weight, dry matter leaf distribution ratio,

dry matter stem distribution ratio, dry matter root distribution ratio, yield at harvest. ~

indicate significant difference among treatments

(P<0.05), ”" indicate extremely significant difference among treatments (P<0.01).
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