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Abstract: [ Objective ] The purpose of the study was to explore the identification of balsam pear germplasm resources
that were resistant to low potassium stress, and to provide germplasm resources for cultivating high-yield and high-quality
balsam pear varieties with low potassium tolerance. [ Method] Eleven balsam pear germplasms were used as materials,
and two treatments of low potassium (K concentration of 0.2 mmol/L) and normal potassium (K" concentration of 4.0
mmol/L) were set up. The growth and physiological indexes of balsam pear germplasms under low potassium stress were
comprehensively analyzed by multivariate statistical method. [Result] The variation of 15 identification indexesof balsam
pear germplasm, including plant height, stem diameter, internode length, leaf area, underground dry weight, above
ground dry weight, root length, root surface area, root volume, chlorophyll a, chlorophyll b, carotenoid, total chloro-
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phyll, malondialdehyde and potassium accumulation was large, with the coefficients of variation exceeding 10.0%. Princi-
pal component analysis was used to standardize the stress coefficients of 15 identification indexes(Z-score method)and re-
duce the dimensionality of the coefficients. From all the factors, the stress coefficients were focused into 4 principal com-
ponents, which accounted for 83.690% of the total variation. According to the scores of the four principal components,
the membership function values were calculated and comprehensive index (D value) was finally determined. The 11 germ-
plasms were divided into four categories by cluster analysis method. The germplasms 04-25, 1717, KG01-2 and 03-8 in
class I were low potassium tolerant, the germplasms 1721, 11-8, DD14-1, 04-17-4 and 26-2 in class I were medium
low potassium tolerant, the germplasm 06-16 in class [IIwere low potassium weakly sensitive, and the germplasm 25-15
in class III were low potassium sensitive. The optimal comprehensive evaluation mathematical model was established by
multiple regression analysis: Y=0.768 xplant height+0.443 xpotassium accumulation+0.390xroot surface area+0.595xchlo-
rophyll a-0.415.[Conclusion] Among the 11 balsam pear germplasms, 04-25 is the most lowpotassium tolerant germ-
plasm. Plant height, potassium accumulation, root surface area and chlorophyll a can be used as the evaluation indexes
for the low potassium tolerance of balsam pear germplasm. The evaluation system can be used for the rapid screening of
the low potassium tolerance of balsam pear germplasm.

Key words: balsam pear; low potassium tolerance; principal component analysis; membership function; physiolo-
gica land biochemical indexes
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Tablel Growth and development differences of 11 balsam pear varieties under low potassium stress

eIt Ab B W b= STON: ] /IMA A5 RZE(%) vt 2255 (%) F

Index Treatment Mean SD Maximum Minimum (A% Coefficient of stress

B (em) CK 58.35 21.36 79.93 17.17 36.6 353 7.73%

PH R4 37.73 12.22 50.42 11.87 324

22 (mm) CK 3.03 0.36 3.62 2.43 12.0 73 1.99

SD s 2.81 0.36 343 222 12.9

I (em) CK 5.34 1.43 7.32 2.43 26.8 18.6 321

IL fiRAH 434 1.17 5.82 2.13 27.0

M L (em?) CK 72.29 14.15 105.66 50.07 19.6 11.6 2.17

LA R4 63.90 12.51 94.00 48.98 19.6

T (g) CK 0.22 0.06 0.36 0.15 27.6 30.8 6.96%*

RDW {4 0.15 0.07 0.25 0.11 47.7

i EHFE(g) CK 1.17 0.25 1.57 0.79 21.6 19.9 4.09*

PDW R4 0.95 0.27 1.49 0.56 28.9

R (em) CK 648.75  237.93 1138.35 334.55 36.7 32.7 4.48*

RL R4 468.05  153.61 828.89 241.58 32.8

MR (em?) CK 218.07  73.80 330.64 115.50 33.8 26.5 4.58%

RS {4 16038  50.48 280.62 84.13 315

AR (em?) CK 5.98 2.01 9.55 3.02 33.6 25.7 4.36*

RV R4 4.44 1.39 7.63 2.38 31.3

Chla(mg/g) CK 1.90 0.30 232 1.51 16.0 15.6 6.29%*
A 1.61 0.25 2.15 1.17 15.6

Chlb(mg/g) CK 0.66 0.08 0.76 0.51 11.6 16.0 10.51%*
i 0.55 0.08 0.71 0.41 13.7

Car(mg/g) CK 0.34 0.07 0.43 0.26 20.6 17.6 4.55%
{4 0.28 0.06 0.42 0.20 21.4

B2 E (mg/g) CK 2.59 0.34 3.09 2.12 13.1 16.6 8.59%*

CcT A 2.16 0.35 2.94 1.58 162

MDA (pmol/g) CK 0.05 0.01 0.08 0.04 21.1 -20.0 3.80%*
KA 0.06 0.01 0.08 0.05 17.0

R (mg/fk) CK 140.86  33.09 171.21 64.15 23.5 33.8 15.34%*

KA (mg/plant) {14 93.32 22.94 120.12 47.40 24.6

* k3 RIIRRZE ST B (P<0.05) Bkl 2 % (P<0.01)

* indicated significant difference (P<0.05),and ** indicated extremely significant difference (P<0.01)
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Table 2 Correlation coefficient matrix of relative value of each index of balsam pear under different potassium supply levels

LD PR ZEHL W A MR M BT R R HUEmIA MUARL Chla Chlb  Car  EM4EZE MDA
Index PH SD IL LA RDW PDW RL RS RV CT

Z5HL SD 0.448

AN IL 0.613* 0.354

MR LA 0.472  0.129 0.440

Ho R TE 0.688% 0.358 0.053  0.523

RDW

Hi FEBTE 0.749%% 0.686% 0279 0.286  0.794%*

PDW

KK RL 0.570 0.462 0477 0.506 0.511 0.7527%%*

WFEMEMA RS 0.584 0537 0424  0.533 0.579 0.809%*  0.965%*

AR RV 0.531 0.567 0.326 0.485 0.586 0.805%*  0.876** (0.970%*

Chla 0.531 0.112 0236 0.088 0.383 0.431 0303 0419 0513

Chlb 0.615* 0.309 0.107 -0.003 0.528 0.717* 0.501  0.607* 0.681* 0.867**

Car 0.629% -0.102 0.223  0.033 0.261 0.363 0229 0262 0254 0.602*% 0.683*

MIH4EZ CT 0281 -0.188 -0.143  0.046 0.305 0.196 0.063  0.192 0304 0.872%* 0.732* 0.614*

MDA -0.501 -0.302 -0.461 -0.540  -0.617* -0.566  -0.390 -0.463 -0472 -0.230 -0.202 -0.097 -0.034
MERET KA 0563 0340 0.134 -0.012 0.443 0.603* 0.119  0.187 0212 0309 0479 0.48% 0265 -0.484

RS SIIFRR i 25 (P<0.05) B i 25 (P<0.01) A
* indicated significant correlation(P<0.05), and ** indicated extremely significant correlation(P<0.01)
RG4S T s> R AT EIPCL PC2 PC3FIPCARI LML A
PC1=0.845PH +0.556SD +0.462IL +0.486LA +0.768RDW +0.921PDW +0.795RL + 0.872RS +0.875RV +0.648 Chla +
0.790Chlb+0.513Car+0.411CT-0.618MDA+0.758KA
PC2=0.016PH-0.428SD~0.3651L~0.434LA-0.056RDW-0.117PDW~-0.315RL~0.24RS—0.139RV + 0.636Chla +
0.550Chlb+0.621Car+0.824CT+0.342MDA+0.059K A
PC3=0.243PH-0.492SD+0.529IL+0.571LA—-0.062RDW-0.323PDW-0.004RL—0.057RS~0.323RV+0.128Chla—
0.205Chlb+0.272Car+0.132CT-0.236MDA-0.259K A
PC4=-0.262PH-0.058SD+0.009IL+0.085LA—0.288RDW-0.12PDW+0.433RL+0.401RS—0.120RV+0.118Chla+
0.109Chlb-0.108Car+0.107CT+0.433MDA-0.492K A
AT RIEAE
D=0.510PH+0.187SD+0.257IL+0.268LA+0.41 SRDW+0.482PDW+0.449RL+0.503RS+0.450RV+0.543Chla+
0.574Chlb+0.453Car+0.439CT-0.284MDA+0.393K A

g5 PR, PCLEZE ik 250 b R Ep 1
o R AR AR EE A MRAEL kK a Lk
FOAE ER R e, PC2 B 2R N
LREFR LA, PC3 A% bl i THI AR AT (B P, PC4
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2.3 ERFREAMERENEESESR

FRPEASA B2 b SR g R B B VAN T W A
i EFFAFMEPC (X)) (F64) A THEAR A5 ZAH N
SRR R U (X)) ARAZES TN AR, 15 A& Fh
TSR 2R A PEEL (FR5) , AL 25 v IR o
FITHRER BE J1 o 28 & PR (A (D) #1388 R K
/N, PR BT G 71 5 DIE S A S 56 &R RIS DI
FANKE AN 7 IR S B4 IR 4 68 245 HE P, AR
04-25>1717>KG01-2>03-8>1721>11-8>DD14- 1>
04-17-4>26-2>06-16>25-15,,

2.4 ERFMRBERSH

B 110y w5 R ER B 154> DAEAE hy 78 5 ph AT IR 2K
Gy AT, SR R G0 B2 v 1) 41 18] 5% 42 7% (Between
groups) , LA K FG 25 (Buclidean distance ) iy it 4%
BRI A BRI LE T (E D) FERR IR 2 Ry 4t
B 110 IR BT 4342556 1 284075 04-25.1717 .
KGO1-27103-8, At EA T, 45 1 256351721 .11-8
DD14-1.,04-17-4F126-2, it IR A 5T, 55 T 254
FL1506-16, A IG5 MUBF BT, 55 IV 22 1925-15 41K
PP
2.5 ERAHEPLEEIEHRE AR A 2 T

Sy i 1 2] T A F N IR 5 R A, T 4%
T bR S5 IR 9 0C 2, 44 E 0 I B AR
LA TP B BCE B B ZR G VRN B DIEAE Sy R A2
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Table 3 Coefficients and contribution rates of comprehensive indexes of balsam pear under different potassium supply levels

Eita T 4> Principle component

Index PCl1 PC2 PC3 PC4

e PH 0.845 0.016 0.243 -0.262
254 SD 0.556 -0.428 -0.492 -0.058
5K IL 0.462 -0.365 0.529 0.009
AR LA 0.486 -0.434 0.571 0.085
MR #E RDW 0.768 -0.056 -0.062 -0.288
Mo 1T #H PDW 0.921 -0.117 -0.323 -0.120
HK RL 0.795 -0.315 -0.004 0.433
LW RS 0.872 -0.240 -0.057 0.401

WAL RV 0.875 -0.139 -0.323 -0.120
Chla 0.648 0.636 0.128 0.118
Chlb 0.790 0.550 -0.205 0.109
Car 0.513 0.621 0.272 -0.108
MIH4EE CT 0.411 0.824 0.132 0.107
MDA -0.618 0.342 -0.236 0.433
A EBUR KA 0.758 0.059 -0.259 -0.492
HH1E{H Eigenvalue 7.504 2.590 1.309 1.151

Bik% (%) Contribution rate 50.026 17.266 8.727 7.671

FRTTHRE (%) 50.026 67.292 76.019 83.690

Cumulative contribution rate

x4 B ERNFHROERSFHE
Table 4 Principal component scores of 11 balsam pear germ-
plasms

T K158 Main factor score value

Germplasm PC1 PC2 PC3 PC4
1721 -2.27 -166.78 -1.20 -1.27
04-25 -9.37 281.29 -0.09 -0.50
11-8 -0.13 543.88 -0.22 0.15
1717 -6.29 -335.21 -0.42 0.09
KGO1-2 -3.79 208.20 0.48 -0.43
DD14-1 1.32 -3.03 -0.27 -0.40
06-16 4.85 -280.84 -0.44 -0.76
25-15 18.88 -852.72 -2.27 1.68
26-2 0.85 684.20 2.29 0.88
03-8 -5.59 -28.56 -0.24 -0.37
04-17-4 1.52 -50.45 2.38 0.93
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Table 5 Membership function U(X;) value and low potassium tolerance ranking of 11 balsam pear germplasms
FuU )& B4 Membership function DIt AR AE 1 HE
Germplasm u(l) u(2) u(3) u(4) D value Ranking of low potassium tolerance
1721 0.251 0.446 0.230 0.000 0.272 5
04-25 0.000 0.738 0.469 0.261 0.000 1
11-8 0.327 0.909 0.441 0.481 0.331 6
1717 0.109 0.337 0.398 0.461 0.027 2
KGO01-2 0.198 0.690 0.591 0.285 0.051 3
DD14-1 0.378 0.553 0.430 0.295 0.348 7
06-16 0.503 0.372 0.394 0.173 0.569 10
25-15 1.000 0.000 0.000 1.000 1.000 11
26-2 0.362 1.000 0.981 0.729 0.445 9
03-8 0.134 0.536 0.437 0.305 0.089 4
04-17-4 0.338 0.839 0.094 1.000 0.376 8
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