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Evaluation of Differences among Potato Cultivars in Response
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Abstract: Phosphorus is a limited natural resource, but the utilization rate of phosphorus fertilizer in the
current season is low, and excessive application of phosphorus increases the risk of agricultural non-point source
pollution. It is an important way to save phosphorus resources and protect the ecological environment to excavate
the genetic characteristics of phosphorus efficiency and cultivate low phosphorus tolerance varieties in potato.
The establishment of an evaluation system of low phosphorus tolerance of potato varieties (lines) based on
photosynthetic phenotypic parameters can achieve rapid, non-destructive and efficient identification and
selection of low phosphorus tolerance potato germplasm. A total of 20 potato varieties (lines) were cultured in

normal phosphorus nutrient solution pool (1.70 mmol/L NaH,PO,) and low phosphorus nutrient solution pool
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(0.17 mmol/L NaH,PO,) , and the biomass, yield and photosynthetic phenotype of each cultivar were measured.
The low P stress tolerance index of each index was calculated. Using the comprehensive membership function
method, principal component analysis and regression analysis, the low phosphorus tolerance of each potato
variety (lines) was divided, and the low phosphorus tolerance of each potato variety (lines) was comprehensively
evaluated. Compared with normal P stress, the average value of yield, plant dry weight and root dry weight of
potato varieties under low P stress decreased greatly, with the coefficient of variation of each index ranging from
3.24% to 132.99%. The photosynthetic parameters, such as non-photochemical quenching coefficient (qN) ,
open ratio of PSII reaction center (qL) , and quantum yield of non-regulatory energy dissipation (¢no) , were
increased. The cumulative variance contribution rate of five principal components was 86.32%. The membership
function method was used to calculate the comprehensive evaluation value of low phosphorus tolerance (D), and
the D value ranged from 0.3258 to 0.7702. Using multiple regression analysis method, the D value regression
equation was established to predict potato low phosphorus tolerance. Five identification indexes of low
phosphorus tolerance were determined by multiple regression analysis and systematic clustering was carried out.
The 20 potato varieties (lines) were divided into three types: low phosphorus tolerance type, intermediate type,
and low phosphorus sensitive type. Red rose, 6-1, Dianshu 1520, Lishu 6, 27-1 and Dianshu 1208 were

selected as low P tolerant varieties, while 86-2 and 54-2 were poor in low P tolerance and were P sensitive

varieties.

Key words: potato; multispectral imaging technology; chlorophyll fluorescence imaging; low phosphorus

tolerant type;selection of germplasm
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Table 1 Name and source of potato materials used in this study

1 #RI5AEx
L1 REwR

20 {3 THES S BRI 2 R A2 K
BFFE AT (32 1) iRk B bRl B i

Eie A (R) P37 s () e s SR (R) 3
No. Variety (line) Source No. Variety (line) Source No. Variety (line) Source
1 T 23 A& hFh 8 T 14023 AE MR 15 21-1 ERERLES
2 I 1208 H#& A 9 T 101 EREITES 16 21-3 EREITES
3 L 1418 ERERTI 10 FHEE 103 EREEHED 17 27-1 EREIES
4 THE 1428 ERERL 11 6= ERAN P 2R s T e 18 34-2 ERERLES
5 HE 1415 AEMR 12 4188 R R 19 6-1 ERERLES
6 T 1504 EREFTE 13 ARCEY ! WA AR ) 20 86-2 HE WA
7 T 1520 EREFTER 14 Q9 EREFTER

1.2 REFHE

1.2 R 3T 2023 423-7 HE R
K2 AR Y58 A T SR L E T T, 2023 4F 3 /]
HEA TR IR A R E RS T AR A MS 15 57 FEXTHA 50 44
BRI RS 35 20 d AYIRAS B MR R B 3 0k
Ve T 172 MS E SRR, B 7 d EHE SR
AR A1 30 d E AT B4R . AR KT AR AR FH YA
A 35 emx30 em (148 x ) , LT A I AKES Bk
7 PR R H—E0 DR B R R A
AW 3R AEYFER 2L 120 4, BB F
1P 10 om 2247 g B 1) Th 8 BARAE T o o0 ks A
TE A8 35 W (1.70 mmol/L NaH,PO,) FIAK #
B WM (0.17 mmol/L NaH,PO,) P A B, Ko
BIRI S I A S W T e B BB SRR
A 718 mg Ca(NO,),*4H,0.244 mg (NH,),SO, .
455 mgKNO,. 164 mgK,SO,.554 mgMgSO,*7H,0,
G EAR R 1L, Mo R E FF IR E 2 I Corréa
S0 pH Il 7E 5.8~6.20 IR HL AR S 10 mx
1.5 mx0.2 m(FKxFEx ) o BRI AA 300 LE S
T, KA R 2 em, B 10 d R — RS SRR . AbFE40 d
J5 AT IS SRR E
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energy dissipation) % 15 P8RS 5 (E 1)
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SO E 1 [RS8 bn A T o R
LR R0 281 Tt A= A PR B ) SR P B R 5 25
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SRIGAEROCHE T 2 I EE , Il R A3 T8,
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R N 55 T 2, 45 BB T H R R R Ry A
TH HUE L (9%0)=H T FB - H /4 BT EEx100%.
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Fig.1 Partial plant Explorer Pro photosynthetic characteristic parameters of Dianshu 1520 under low P conditions
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Table 2 Values of each trait and low phosphorus stress tolerance index of potato under two P levels
, , RSB IEE A
(kR4 ERwAb PR
Low phosphorus stress
Low phosphorus Normal phosphorus .
tolerance index
llﬁ;{k iy iy iy

Traits - ’xﬁ ) /y\ﬁz ) /y\ g
FHE brifEz: R FHE brifEz REC FHME bR REL

Mean SD (%) Mean SD (%) Mean SD (%)

cv cv cv
FEZER (mm*) CAA 4464.30b  1865.87 41.80  14254.71a 514447 36.09 31.60 9.53 30.16
24 (mm)SDR 3.31b 0.52 15.71 5.47a 0.73 13.41 61.48 9.83 15.98
¥k (cm)PHT 24.81b 4.95 19.94 44.09a 7.53 17.08 5635 1173 20.81
kR (g)PFW 40.84b 36.83 90.18 215.87a 94.13 43.60 17.71 16.16 91.21
Fark B () TFW 144.75b 79.14 54.68 558.76a 198.97 35.61 28.42 13.65 48.03
KRB TE (2) TDW 18.43b 10.25 55.64 78.48a 29.12 37.11 25.73 13.96 5424
i T (2) ADW 8.85b 5.68 64.16 32.77a 15.22 46.44 31.76 17.71 55.77
T E (g)UDW 9.57b 7.53 78.71 4571a 18.56 40.60  20.98 15.39 73.32
WL (%)U/A 1.68a 224 13299 1.79a 1.46 81.64 8125 4474 5507
WIS 3446.83a 641.59 18.61 3374.99a 529.72 1570  98.48 1993 20.24
Fe KV E Fm 7127.25b  1569.13 22.02 7554.07a  1292.14 17.11 93.54 2572 27.50
T IOEERER Fv/Fm 0.50b 0.04 8.56 0.55a 0.04 7.13 92.55 11.87 12.82
PSILZT 738 Fq/Fm' 0.66a 0.02 3.24 0.66a 0.04 5.48  100.66 8.54 8.49
A FAEACE rETR 90879.66b  4168.33 459  92973.66a  9611.15 10.34 97.49 11.30 11.59
e b K NPQ 0.11a 0.06 52.57 0.12a 0.16 131.10 208.03 20330  97.73
HeAb K 25 P 1.26a 0.07 5.19 1.16b 0.10 8.48  108.30 13.36 12.33
bR RN 0.10a 0.05 54.41 0.09a 0.09 92.04 22141 23042  104.07
PSR 0T il L3 gL 1.63a 0.15 9.17 1.44b 0.18 12,73 111.00 19.64  17.69
AT M AR R AE AU R T i gno 0.35a 0.04 10.37 0.34a 0.04 11.14  103.18 15.32 14.85
T M RE R AERL T i énpq 0.03a 0.01 28.92 0.04a 0.05 14631 159.22 86.93 54.60
4% K G4 Childx 1.02b 0.08 7.66 1.11a 0.11 952 9223 11.45 12.41
FH R4 Arildx 3.71b 0.45 12.22 4.48a 0.55 12.19  83.66 10.99 13.13
M2pE DR Chl 21683.45b  1700.80 7.84  23970.92a  1516.94 6.33 89.20 4.92 5.51

AN AR B 25 5 B 3 (P<0.05) 5 1 [

Different lowercase letters indicated significant difference between treatments (P < 0.05) ; CAA: Canopy area; SDR: Stem diameter; PHT: Plant
height; PEW: Potato fresh weight; TFW: Total fresh weight of plant; TDW: Total dry weight of plant; ADW: Above ground dry weight; UDW:

Underground dry weight; U/A: Root to shoot ratio; FO: Initial fluorescence intensity; Fm: Maximum fluorescence intensity; Fv/Fm: Maximum

photosynthetic efficiency; Fq'/Fm': PS II operating efficiency; rETR: Photosynthetic quantum transfer efficiency; NPQ: Non-photochemical

quenching; qP: Photochemical quenching coefficient; qN: Non-photochemical quenching coefficient; qL:PSII reaction center opening ratio; ¢no:

Quantum yield of non-regulatory energy dissipation; ¢npq: Quantum yield of regulatory energy dissipation; Chlldx: Chlorophyll index; Arildx:

Anthocyanin index; Chl: Chlorophyll fluorescence intensity; The same as below

22 WA

X T 4% 28 23 A PER 0 IR W38 48 BOHE T 3
BT 53T, LA BRI TR 5] 85% Ay bn ik L4 i F|
ST (K 3) o SR LSS 1 T Risr Ak brfh
o A R IE B8 R AR AR ST 52 (0.89) (b H

BT HE(0.85) AH AR AN EE (0.81) L HLRE ™ 12 (0.80)
M 13T (0.69) TR AR B e 48 5505 56 2 3 g Ak
P e K8 G (0.89) IR 9 s (0.87) |
Ak K 280 (0.65) TR B M 48 506 BR 1)
AE s AE PR R AR AR R T (-0.63) |

4
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K(0.73) A E AR (0.71) WK B Mria 15
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(0.51) Ak 5 (0.48) Fl Ak 24 VK 2 $50(0.43) it 1%
W PR 28 46 BOG 55 3 2 A A — 22 B IE T 52, YT

R3 FAEMBEEFHTIRESERERSHHERDER TBZE

P RE AR BRI 17 A (-0.50) A1 2 K A5
(=0.37 ) Mt TG 8 olh 32 415 B8ORS 565 3 5 AL 53 14 67 [ 52
BOR (18 2) o #5 T RT3 22 5Tk A5 86.32% .
IR AE A I S A AR SRR B T
AR AR RO RCRE IR S VI o

Table 3 Eigenvectors and contribution rates of principal components of potato traits under different P levels

[N T 4> Principal component

Traits 1 2 3 4 5
254 SDR 0.68 -0.39 0.07 0.17 -0.01
Pkim PHT 0.36 -0.07 0.48 0.47 -0.41
FRR i PFW 0.80 0.08 0.41 0.05 0.29
F bk B T TFW 0.81 -0.22 0.40 -0.34 0.05
Mtk AT E TDW 0.89 -0.14 0.36 -0.13 0.17
b E T ADW 0.69 -0.38 0.35 -0.44 0.00
T E UDW 0.85 0.04 0.33 0.14 0.31
HIHE L U/A 0.18 0.44 -0.19 0.62 0.46
WIGRDEICHREE FO -0.01 0.87 -0.03 0.22 -0.28
RPN Fm 0.36 0.89 -0.07 0.03 -0.13
HREARCE Fv/Fm 0.64 0.60 0.08 -0.25 0.11
PSILZA AU Fq'/Fm' -0.37 0.34 0.73 -0.01 0.32
G FEIE AR ETR -0.51 0.12 0.71 0.05 -0.16
b2 K NPQ 0.64 0.61 -0.23 -0.12 0.01
Al K R B gP -0.62 0.48 0.43 0.27 0.16
A=K R E QN 0.60 0.65 -0.25 -0.10 0.11
PSR HUOFF L e gL -0.59 0.55 0.28 0.37 0.21
FEIETPERE R FERL i i Pno -0.50 -0.63 0.25 -0.01 0.02
PP RE AU & 57 i Pnpg 0.56 0.36 -0.50 -0.06 -0.30
45 254550 Childx 0.48 -0.46 -0.37 0.58 -0.01
T35 K455k Arildx 0.44 -0.46 -0.21 0.67 0.04
4R YO LR Chl 0.22 0.39 0.51 0.06 -0.61
SEZ I CAA 0.59 -0.31 0.37 0.46 -0.25
FEHE{H Characteristic value 7.72 5.12 3.28 231 1.43
Bk (%) Contribution rate 33.57 2225 14.25 10.05 6.2
Zi1 5k # (%) Cumulative contribution rate 33.57 55.82 70.07 80.12 86.32

2.3 DHREMRBHEIRIFE

W 20 4 SRR (FR ) TR A REAE ) 8 A 705 —
fRAb PR Al R Jm R e . P08, S A E Y
KL 4 51 Ny 38.89% . 25.77% . 16.50% . 11.64% %
7.19% . ARHETHACBELE S PR E D Xt 20 43 B 44 5k
TR BT 19 1R , 25 B R BUBLT , DAEYE RN
0.3258~0.7702, 545 & e b IR B 18 45 40 5

TR AR Z3 5 P (EL (D) B AH G 23 B (1] 3) 368
BARR R FMRE TE N T E RO
JE RIOEERER A K AR K AR
BOMAR A 5 P R A A i i A R I
FEE0CS D AE RIS B B 2 25 /K Ak L G
HRE L AR RO )= R IG5
SiR R A AP B R 1 415 205 D (ELS B /K-
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Fig.2 PC dispersion points of low phosphorus stress tolerance index
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: Significant correlation at the 0.05 level, ** : Significant correlation at the 0.01 level; The same as below
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Fig.3 Correlation analysis between low phosphorus stress tolerance index and the comprehensive evaluation value (D) of

low phosphorus tolerance in potato
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it BT ZOCAAE R AT . 5 DAE R E ARG AR
/RS SR G TR SR s 1| b L 1 e s SN R
MR R T R R S AR RS L, s R 4y
Br #8453 F] D=0.254-0.111X,+0.593X,~0.402X+
0.581.X,+0.150X;, - Z %L R=0.787(P<0.01) ;i
A 2R B E i 7 [0 05 43 B A 745 51 D=-0.263+
0.458X,+0.204X+0.038X,-0.03 1.X,+0.014X.+0.008 X+
0.544X,+0.450X,, 3 ZE R™=0.858(P<0.01). 5D
(=R PSS v b V@ N G e e i i R T
BARR T R TR KOG 805 3 e R R A L
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Table 4 Model prediction of low P tolerance in potato
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Biological characteristics model

e AR D=-0.263+0.458X,+0.204X,+0.038X,-0.031.X,+0.014X,+0.008X,+0.544X +0.450X, 0.858  8.281 <0.001

Photosyntheti phenotype model

RN i D=0.371+0.710X, 0.696 41.170  <0.001

Comprehensive index model ), 377, s30x +0.172x, 0699 19714  <0.001
D=-0.071+0.359X,+0.129X,+0.536.X, 0.843 28534 <0.001
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In the biological characteristics model, X,: Underground dry weight; X,: Potato fresh weight; X;: Total dry weight of plant; X,: Total fresh weight
of plant; X;: Root to shoot ratio; In the photosynthetic phenotype model, X,: Maximum photosynthetic efficiency; X,: Maximum fluorescence
intensity; X;: Non-photochemical quenching coefficient; X,: Non-photochemical quenching; X;: Quantum yield of non-regulatory energy
dissipation; X: Chlorophyll fluorescence intensity; X,: Canopy area; JXj: Initial fluorescence intensity ; In the comprehensive index model,

X,: Underground dry weight; X,: Potato fresh weight; X;: Maximum photosynthetic efficiency; X,: Maximum fluorescence intensity; X;: Total

dry weight of plant
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Fig.4 Systematic cluster of low P tolerance of different potato varieties (lines)
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Fig.5 Comprehensive evaluation of agronomic traits of different low phosphorus tolerance type potato varieties (lines)
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