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Effects of nitrogen-dense interaction on photosynthetic characteristics,
dry matter accumulation and yield of dryland potatoes
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Abstract : In order to select suitable nitrogen application rates and planting densities for the green and sustain-
able production of dryland potatoes in dryland farming area of central Gansu. In this study, ‘lLongshu 16’ was se-
lected as the test potato variety. Two nitrogen application rates 200 kg « hm>(N1) and 300 kg - hm™( N2) and
three planting densities 37 500 plants + hm™(D1), 52 500 plants -+ hm™(D2), and 67 500 plants + hm™( D3)
were used, resulting in a total of six treatments. The effects of these treatments on the photosynthetic
characteristics, dry matter accumulation, and yield of ‘ Longshu 16’ were examined. The results showed that the
leaf area index of N1D2 treatment was 11.91% higher than that of N1D1 treatment during starch accumulation
stage. At the tuber swelling stage, the activity of Rubisco enzyme in N1D2 treatment was increased by 9.05% com-
pared with N1D3 treatment. From tuber swelling stage to starch accumulation stage, the photosynthetic rate , transpi-
ration rate and stomatal conductance of leaves in N1D2 treatment were the largest, and the dry matter accumulation
was increased by 5.29% ~31.12% and 8.82% ~27.49%, respectively, compared with other treatments.The yield
and economic benefits were the highest under N1D2 treatment. In 2022, it increased by 6.14% ~ 36.21% and
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5.13% ~169.16% compared with other treatments, and in 2023, it increased by 4.11% ~29.46% and 21.56% ~

76.55%. The recommended nitrogen application rate for ‘ Longshu 16’ production in the Longzhong arid

agricultural region is 200 kg « hm™>, with a planting density of 52 500 plants « hm ™. This combination can enhance

economic benefits while maintaining yield.

Keywords : dryland potato; nitrogen-dense interaction; photosynthetic properties; dry matter accumulation; yield
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AEF B Growth Stage
b Sl . e e g -
B BB ) =Y DN FER BRI A

Source of variation

Budding stage Tuber formation stage

Tuber swelling stage Starch accumulation stage

Maturation stage

i A N %
FE % D

NxD

ns
ns ns

ns ns

* ok ns ns

ns EE RS

ns * ns

o Fl s 23R 38 (P<0.05) Al B3 22 573 (P<0.01) ,ns /R

ERARE(P>0.05), F,

Note: * indicates significant differences (P<0.05), #* * indicates extremely significant differences ( P<0.01), ns indicates no significant differ-

ences (P>0.05). The same below.

x2 AFBLENDRESR

E =]

=E

FEMRERKZm

Table 2 Effects of nitrogen-dense interaction on potato tuber yield and yield components

2022 2023
Ak 4 = - e — -
Treatment Nurifl}f ouf %}iﬁoes iﬁiﬁ;ﬁ F/( kg ) hm’z) Nuriff nnf ﬁines iﬁiﬁaﬂi P/ ( k.g . hm*z)
per plant mass Yield per plant mass Yield
N1D1 5.02+0.28a 49.81+4.95¢ 13214.56+417.61ab 5.69+0.32a 51.15+0.91c 12974.50+234.67¢
N1D2 4.61+0.31a 55.96+3.49b 14155.84+688.70a 5.32+0.19ab 56.88+0.97b 16555.05+263.60a
N1D3 4.41+0.43b 58.26+1.85b 13336.01+180.77ab 4.90+0.84bc 58.26+1.85b 15900.78+903.41ab
N2D1 4.31+0.16b 66.08+2.71a 10392.85+523.95¢ 4.73+0.20be 67.54+6.31a 12787.46+268.35¢
N2D2 4.17+0.22¢ 69.17+3.48a 12229.53+341.66bc 4.22+0.23¢ 69.84+0.54a 15445.75+444.55b
N2D3 3.33+0.28d 70.52+2.19a 11785.14+485.37bc 3.47+0.35d 71.52+£3.23a 15291.23+746.05b
FZE Factor J7 223 0F Variance analysis
NxD ns ns * ns ns ns

Y FIGUR NG 5 B R AL B 22 5 2, TR,

Note ; Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05). The same below.
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Table 3 Direct and indirect effects of yield components on yield

IO 5y B E RS WA R B EHAEEAD ] 2238 #2 22 80 Indirect diameter coefficient
TR R R . X . -
Yield c " Direct correlation Diameter coefficient
1eid componen coefficient with y ( Direct action) Xl—y X2—y
X1 0.627 0.3740 -0.2031
X2 0.615 -0.0261 0.2908

TE X1 BARRSE A X2 A A BT y . 7 0,

Note: X1: Number of potatoes per plant; X2 Average single potato mass; y: Yield.

B S P2k i 5 4 7 M L R R Y
AR RFOTHN(FR 3) 77 b W R 2R G 2R P
SO 3R L Ry BRbR 45 R (0.3740) > L T i
(—0.0261) , 7 B Bk 2% 25 500 B 25 77 1 A 5% ) 55
TR A, fREE RS & B R A E
LR AR REONATE Y H 8 o i R A A
Ko P ) TR R B K (0.2908 ) |, U8 1A 3 i e AR
LR S ) 23 SRR B8 B e AT i o o, L 4
T FARR 25 R B P ORI
26 DHREXGHMESTYRREEMRETE

HIHE K5 A

H & 4 AT E0 A R AL T R
FRRAEPCEE N K Mg AR B 5P L 5 2
WS 2 TE ARG ; it T R AR e 2R I K ) 5 2k
I IR A JEOC R ZE B MR SR CO, Mk i
SH P B A A 3 Rubisco WG T 7E 545 2 b
RIS R i A 2 IR A OC FEVE M LR
SR 2 B AR,

27 REEENSREBEFUZMNZMN

s 5 frw, 2022—2023 4E M AR N
N2D3>N1D3>N2D2>N1D2>N2D1>N1D1, N2D3 4t
PR, MR R T N1 W D BB 3R K
T N2 4bFH N1D2 b3 =, N2D1 AR A1k, 2022
4E N1D2 % N1D1 F1 N1D3 kb B S0 25 43 59 34 in
135.41 CNY + hm > 11 901.82 CNY - hm™*, % N2D2
A1 N2D3 Ab #4348 0 2 118.95 CNY « hm ™ Al
2 607.78 CNY - hm™; 2023 4F NI1D2 % N1D1 #1
N1D3 AbHE S 45 53 53 0 3 938.61 CNY « hm™ Fll
719.70 CNY - hm™ %% N2D2 AbFH 2554001 220.23
CNY - hm™, 2022 445 4bH# A 5l 35 2 3 N1D2
>N1D1>N2D3>N2D2>N2D3>N2D1,2023 4E XK M K
N1D2>N1D3>N2D2>N2D3>N1D1>N2D1, Fi4E
N1D2 AbH 5 5, 2022 41 2023 443551 4 FHoAth Ak 2
5 5.13% ~169.16% Fl 21.56% ~76.55% .,

am

N\
7

it

R4 TREEMBSRBAGHENTYER
REESREFENHEISN
Table 4  Correlation analysis of photosynthetic parameters

and dry matter accumulation with tuber yield

HEFHHY Growth stage

£zt e yNi] TER AR R
Index Tuber swelling  Starch accumulation
stage stage
AR R A
Leaf area index 0.675 0.380
Rubisco I £ 0.797" * 0.490*
Rubisco activity
LRI AAST B4
O 0.742° * 0.661° *
Photosynthetic rate
7% R
%E? 0.458 0.459
Transpiration rate
HalR] €O, 0.174 -0.128
Intercellular CO, concentration ’ ’
= L i
o tUlEE 0.658 " * 0.776 " *
Stomatal conductance
r] E=N
THRRARR 0.814°* 0.618"*

Dry matter accumulation

3 0 8
3.1 DHREBXRAEESENRZEERINERN

A VEFIAE A AP foe AR 1) A A i 3, S M)
B B DL T RN 3R URE A AR AR IR e
YK EE SR, iR ek R A a | v ELE
LA Rubisco 1GPEFIEA #% B 45 F0 10 e AR 4 25 5
i) CO, R A G = W LR, e A5 i fE
N A5 05 A

T R R AR SR AR W & ™ B A% i TH R
B SR A AR ORI ) B A, KNS e
FYIAASET  Dyson %" RFSE A, it A 0 T
PR T RRE 50, 3858 T OB A VE L, IR AT R e o)
REI, Aot & B, D40 Ak 5w Ib) A o i AR
BRI N N2>N1, S8 hnopp A 2% B ] 38 o 52 5 it
T FRFEEICTE 43 1) O IR 25 () R b T 9 U, 1 A
HRICARCR AR F= PR E 31 w5 7= AR R
R Zhang ST HESE KB, DAL S T RS B
TR 28 P2 AR 3 ORI 1G R, ASBIFSE 3R B 7 AH W]t
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x5 FAEREBTORELFUESH/(CNY - hm™)
Table 5  Analysis of economic benefits of potatoes under different treatments
Ay e EFEA Total input i -
Year Treatment HE*’# g ET air Total revenue Net proceeds
Fertilizer Seed Hire hand Total

N1D1 4100 1875 3000 8975 14536.02+459.37b 5561.02+459.37a
N1D2 4100 2625 3000 9725 15571.43+757.57a 5846.43+757.57a

002 N1D3 4100 3375 3000 10475 14669.61+198.85ab 4194.61+198.85b
N2D1 4385 1875 3000 9260 11432.13+576.35d 2172.13£576.35¢
N2D2 4385 2625 3000 10010 13452.48+375.83¢ 3442.48+375.83h
N2D3 4385 3375 3000 10760 12963.65+£533.91¢ 2203.65+533.91¢
NID1 4100 1875 3000 8975 14271.95£269.99¢ 5296.95+269.99¢
N1D2 4100 2625 3000 9725 18210.56+191.18a 8485.56+191.18a

2023 N1D3 4100 3375 3000 10475 17490.86+535.74ab 7015.86+535.74b
N2D1 4385 1875 3000 9260 14066.11+960.06¢ 4806.11+960.06d
N2D2 4385 2625 3000 10010 16990.33+206.30b 6980.33+206.30b
N2D3 4385 3375 3000 10760 16820.35+778.43b 6060.35+778.43bc

T R BB MAS Y 1.1 CNY - kg™'s
Note: The purchase price of potatoes is 1.1 CNY - kg™'.

P01l AN L TR 2E S R OB | Ny NS
B D3>D2>D1; HAEJE R BRI N1D2 Ab B4 it
T AR B0 T A AL BE, AT B o A i AL R
AR TE DA AR R W A B Y
SEGRA IR AR T RS R, AT
rh BRI R Y i T AR AR S 7 B A DG M
S, T UE A AR SR B 1) I T AR 5 7 s A OGP I
Fo ATREE N A BT S DA B b A E G
AR R S I TR R RO 3 X kT
PR R r sk AR K AR B S, i e A =
PRYE T AR BOAR , X P B (S i AR

Rubisco J& G A 1E A CHERE , 05 &l 5%
M GA {62 & & 1 Rubisco 36 PEY X 7 f 4512
W 2RI, A it FH £ % £ K Rubisco 17 $4 5% i B
b, Ui SR e el A T T P R A, A s (o
{EFEHT B, 18 it &0 5 204 B )5 1 Rubisco 1%
PETRE, AW 455 5 H AL, MR A% T,
LA F AT M A b Rubisco TG E R BN N2>
NI, AF RN E R N1>N2, o] G2 25 B K K 1)
HHIVE T . Rubisco S8 [A) i A v 1 S B il , 2 2R
FERE YA 35 35 v BE A 2 A R ot A SR 1Y DG
K. AWE5IAH, 3R A A9 Rubisco 1 P£7E 55
JelA T B ERAL, S EOLOE S BRI A
WFgE R, A )it 0 T Rubisco 16 PERFLN D2> DI
>D3, LA iy KT Rubisco WG TE S 2L &
B EFEEMHLELR , TER B Z Y Rubisco 75 P
YR W EEA G,

A HR ZE R SR CO, Mk B
G A VR RO 59 1Y 2 A R bR, Al 4

BRI, D A A R AR R AL R
JERZE I MR A B I AR B N R, H
t N1D2 1 N2D2 Ab $f e K, FF AR R, B4y
PRI B ' B R B e 2 KT B v T 5
P ARHETAE S S AL, HHCE A ~
73 R ] 0 it G Ak A v B R R R R K
FARME R A B, A FE I8 & B, Sh A% St A R
CO, V& B Fifi A= 7 WA 0 22 T e a3 2508 U N
AbFRIE] CO, M B v T N2 b3 | B 2K I ~ Ve
FRZ N2 A0 R ] CO, v b TR Bk, B
it L s AR AR R DA S ] o, FIl T BE
TIPREE . Ao BT 2 B B 258 R ~ vE # AL 3R
WA BRI A DG AR 3, 16 A Bt By
B m Al R e R T Y R B
KU
32 REEETISREXGHENTORESF
T AR SR AR 7 SR, T A A A
BRI A L2 1 20 7 e I G R R E =
T 90% ~ 95% K FOGA W), 6 & = Y LR
P TH EAUR/N R ROE G e BOB A EH
FIFFLE ) AR IR I, e KR AP R & FF
G 5w O A 1 R A 3 PR e Y
AWFFEE R, I ~ JEM B BRI S48 5 bk
TR R R RFLE b T s T R
PR I ~ BRI IR AR T B R SR R R N2>
N1, BeZ5J KH ~ B AR R R 2 3 T 3 R B0
N1>N2, HAE N1 KSR N1D2 Ab#ifRck, 5K4E
TR R, DA R SRR R LR
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PR FR . AT E R, & A T R
JEE X Eh 4% Y AR B (R R R BN D2>D1 >
D3, AR, E B A et AR K
ARFIE A ERE, B3 PR SRR R AR, A
T3 N Eh 4% B H U it FH oot i 25 5 A Rk A
K, Gy IR L g 3 25 BT R | S B ZE T I R
IS AT LR, AR (R Fh i 2 B B 2K A K 3]
~TEM R DR BT Y R R E RN
N1>N2, MRl i F 23 D2>D1>D3, AR
W& B, AR R R 2 B, B0 10 ~ He =59 il A A
PR o R 2 f S 2R K ~ Ve AR R Y %
T RIS EL  Rubisco 16 P GE& S HCRM T
YRR RPN N1>N2 1 B 258 01w - i A4
$4 Rubisco 11k JGA S ECH MY L3814 B it ¥ %
PR N2>N1, X ] fig 2 oy o i AU 8 45
ARRATHZE R B R AR TR A L
YIFFAC)T M BRZE ) 55 8 1 R R A B e s
LT R R K R iR ~ ek
BN T W A R 5 S 3 IEAH OGSk
R(F4) AT IEAL,
FYREEYE A =R IIE X, TP
ZE R R EMEERD . FAEXEY 2
R TTER R TT IK 459% 7 AR, DA R
Wt 22 P 1 S 4 A e A Ak R B 3 R 3 it
A R T S 0 ARG R B, A A [
BB, R B i R I N1>N2, Jitn 2 XF
FARRZE BERCR 3550 e 5 AR S AT 45 R R B
PRES RO T8 = i i e K, B T AR X
AR BRI TE 4, Rk 3 2 B o v 25 5 DS B R 43 T 1Y
K1, S8Ew g2 2 Kk0 ) ke i R,
SRR W R Al = W SR A IS R VAT S22
5 iR e 235 T T I (H B 2R i R R i R
A HTREAR , AT FT & PR, T 4% 25 BA Pk 455 250 [t Fof
2 B P38 R/, T R R A 48 B PRl ik R R
RSN S A AR 5 Y B AT 45 A
[i] , D A% 0 . 0 o L 28 ) B R T 44 R
s SRR IE K B, B AR R B, A
PR SE LTHE TR, AR W& B, A TE
JEAE T DA RN D2>D1>D3, U 2
TR % R R AR T A AR, AR
e AP g N1D2 AN K, HiZ A B 25
JE I ~ Ve BRI A 5 5 S 30 AT AR T4 o
K, IR Be i ¥ £ 3R FIAR R T4 T 4 5 7
AR A O AR T A R BT A R
R oRE 2% B 5 R AR X E Y e A W

w3 EARHE ST & BR, 2023 AF Bl 2 R 5 it
ER(SURTEE Tan W/ E 52 0N EVS I 2o 1r e
SERFAE R AR A K,

4 % i

EAE (300 kg + hm2+6.75 Jifk « hm™2) #
T 0 4% 5 i T RS B e IR T
(200 kg + hm™>+5.25 Ji#k - hm ™) A F F L4 E A4
IR W46 A58 R F Rubisco 6 P O HE TF 2L K2
- EB T o R R A R 2K T o R R
fiti i 200 kg - hm > FIFIAR 25 5.25 T4k « hm™
T, T4 3 e 22 i K] Rubisco 175 P4 %5 HAth %5 FF b
PHEE ) 4.85% ~ 13.48% , Y 25 % KM ~ V& #3 FH 22 40
W ¥t T 23 50 LAl % 8 Ak 3 7 A B 4 )
PR 9.96% ~25.37% 1 11.47% ~28.33% , 2577 5
RIS i A Gl Ah B 43 01 42 5 4. 11% ~ 29.46% Fil
21.56% ~ 76.55%, A I, 78 g R R IX ‘[ 2 16
S e i A 200 kg - hm FIRNRE B E 5,25
TPk - hm ™ AT ORIE 88 7 i [ R S 28 AR
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