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Physiological responses and comprehensive evaluation of watermelon seed-
lings grafted onto different rootstocks under low phosphorus stress

BAO Xingxing', CHEN Zehao', DING Xin', LI Zaixu', QIAO Shaowei', DING Ming"’

(1.College of Horticulture, Northwest A & F University, Yangling 712100, China; 2.Key Laboratory of Protected Horticultural Engineering in Northwest ,
8 Y gung Y Y g g

Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: In this study, Zaojia 8424 watermelon was used as the scion, and 12 different varieties (lines) of watermel-
on rootstocks were selected for grafting. Two phosphorus levels were set, including low phosphorus (0.01 mmol/L) and nor-
mal phosphorus (0.50 mmol/L), to systematically explore the physiological response mechanisms of grafted seedlings with
different rootstocks under low phosphorus stress. The results showed that low phosphorus stress inhibited the growth of grafted

R B 86 :2025-07-08 seedlings, and the grafted seedlings responded to low

EOTUR . [E5 T A H % 050 H (2024YFD2001003-02) ; PP 4 7 phosphorus stress through various strategies. In terms of
R 4 AR T H (2023NYGG008 ) s Bk 76 44 61 7 photosynthesis, low phosphorus stress inhibited the photo-

e 7 342/ H (2025ZC-WTXM-51) synthetic capacity of all grafted seedlings to varying de-
TEEBN AR R (1999-) , 5B Hilr @ v A, B+ BF 58 4=, W55 77 1) grees, while the grafied seedlings of rootstock Zhenxi 316
G HEVE AR A . (E-mail ) BXX063018@ 163.com with strong low-phosphorus tolerance maintained normal

BIEE:T W, (E-mail) dingming@ nwsuaf.edu.cn photosynthetic capacity due to its higher net photosynthetic
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rate and SPAD value. In terms of root morphology, low phosphorus stress significantly promoted the elongation of taproots, and
the coefficient of variation of root dry weight was the largest, indicating that root morphology was the most sensitive to low
phosphorus stress. In terms of phosphorus utilization, the phosphorus accumulation significantly decreased in most grafted
seedlings under low phosphorus stress, but the phosphorus use efficiency increased significantly, indicating that grafted seed-
lings adapted to low phosphorus stress by improving phosphorus utilization capacity. A comprehensive evaluation system was
constructed based on principal component analysis and membership function method, and the low-phosphorus tolerance evalu-
ation value (D) was obtained. Among them, Jingxin Rootstock No.1 had the highest D value (0.907), indicating the
strongest low-phosphorus tolerance, while Jingxin Rootstock No.4 had the lowest D value (0.212), indicating the weakest
low-phosphorus tolerance. Cluster analysis further divided the tested materials into three categories: the first category could be
classified as low-phosphorus tolerant varieties with the strongest comprehensive low-phosphorus tolerance; the second category
was intermediate varieties with moderate low-phosphorus tolerance; the third category was low-phosphorus sensitive varieties
with the weakest comprehensive low-phosphorus tolerance. In conclusion, this study established a multi-index comprehensive
evaluation method, screened out low-phosphorus-tolerant rootstock-grafted seedlings such as Jingxin Rootstock No.1 and Qin-
kang Shuigua rootstock-grafted seedlings, and clarified their adaptation mechanisms from the aspects of photosynthetic mainte-

nance, root plasticity and efficient phosphorus utilization, thereby providing a theoretical basis and methodological reference

for the breeding of low-phosphorus tolerant watermelon rootstocks and the cultivation application of grafted seedlings.
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Table 1 Rootstock varieties (lines) used in this study
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Table 2  Growth parameters of grafted seedlings under normal
phosphorus conditions
b s i e
FEF (em) 13.501+1.510 || #k#h 11.18
20T (g) 0.504£0.101 || ZEM- 5 20.04
T (g) 0.079£0.024 || WTH 30.38
MR ST 0.045+0.008 || HHXFA: K % 16.67
R 0.241+0.048 || H:HE%L 19.92
FHRA (em) 25.479+3.961 || ERK 15.55
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Table 3 Growth parameters of grafted seedlings under low- ﬁmg 1 F):FZT?, {EE@% Hj]‘ iE‘, er-/f?—: ﬁ}f(mj 1 %Eﬁ*ﬁ%ﬁ%
phosphorus stress 1 RTWM2208 i RIGHET PG 316 Rl ARG B 5
i s Hth AR AR E R (P>0.05) , IRBEMNE X RUK
B Com) 1371942.573 || ke 1876 Bili 1SR AR 1 RTWM2208 fili A % 452 1 il 7
s 0500 || i e 316 R AIRHER UK 2 B R ARG B 50K TR
BT (g) 0.064+0.022 || M THE 34.38 AT SPAD IR HELM(P>0.05) .
¢ 2.3 (EBERE TR 50 RS RIK F) 4 1
FAEREE 00310006 | AIREREE 1935 B 2 B , IR M 6 2 A R AR T L 5K
AL i 0.15920.036 || i1 22.64 i TR ARG B B S TG B S (P>0. 05) , 1%
FARE (em) 32.403+4.815 || K 14.86 Wi 2 X B IR Al A IR B R FH AR TG B 5

M (P>0.05)
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Fig.1 Photosynthetic characteristics of grafted seedlings with different rootstocks under varying phosphorus levels
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Fig.2 Phosphorus uptake and utilization characteristics of grafted seedlings with different rootstocks under varying phosphorus levels
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Table 4 Low-phosphorus tolerance coefficients of various traits for grafted seedlings with different rootstocks

Bl A il PR R4

(%) PH SLDW RDW RGR SSI PRL P, SPAD 1t PA PUE
AR 0.920 0.696 0.691 0.613 0.603 1.304 0.661 0.731 0.540 1.285
SRKEE 4 45 1.050 0.638 0.617 0.638 0.639 1.260 0.720 0.821 0.457 1.395
X4 5 1.030 0.781 0.733 0.671 0.678 1.172 0.800 0.840 0.594 1.307
fiti P 316 1.070 0.719 0.769 0.690 0.724 1.265 0.850 0.910 0.502 1.454
SRREE 2 45 1.130 0.720 0.754 0.711 0.728 1.242 0.810 0.876 0.513 1.415
RTWM2206 1.120 0.728 0.716 0.680 0.659 1.221 0.760 0.852 0.535 1.348
RTWM2208 0.958 0.598 0.673 0.701 0.702 1.273 0.840 0.873 0.455 1.335
SCRKEE 145 1.100 0.828 1.086 0.716 0.711 1.237 0.830 0.860 0.589 1.487
P 0.830 0.632 0.839 0.681 0.611 1.205 0.721 0.792 0.484 1.367
FRPUKIK 1.160 0.758 1.046 0.709 0.660 1.254 0.790 0.870 0.573 1.407
Fhk1 5 0.919 0.686 0.831 0.645 0.620 1.237 0.710 0.740 0.519 1.373
TG 0.840 0.677 0.889 0.706 0.632 1.294 0.620 0.833 0.562 1.249
CK 0.919 0.713 0.837 0.635 0.573 1.144 0.580 0.740 0.516 1.401

PH. # % ; SLDW ; 5055 ;RDW : T2 ROR AR A [ SST M #8580 PRL: MUK P 0GR R  SPAD {8 . AR & B PA L B

FAUE  PUE BRI IRCR . CKLRAE 84-24 FIRIE

x5 BEHSERNERSHE FEERNE
Table 5 Principal component loadings, eigenvalues, and weights

for each index of grafted seedlings

i H TS EMS2 BRSO E 4
7= 0.802 0.003 -0.293  -0.342
M E 0.597 0.731 -0.055 -0.286
T 0.423 0.680 0.242 0.511
VAN EiE Y 0.887 -0.368 0.049  -0.111
AHXF A R A 0.789 -0.083 0.369 0.366
FHRK 0.061 -0.487 0.644  -0.068
HOLE R 0.840 -0.370 -0.103  -0.097
SPAD 18 0.861 -0.372 0.135 0.014
BRI R i 0.344 0.799 0.379  -0.303
B IR 0.600 0.085 -0.615 0.362
FEIEH 4.927 1.836 1.037 0.956
i EfRRER 49.273 18.361 10.372 9.561
FitoiEk® 49.273 67.634 78.006 87.567

I 0.563 0.210 0.118 0.109

WM 6 Fin Bl AR SURES 15 F1EP0K A A
A LA AP I ZR A THIREEBE 0T . UG 4 Sk
KIGHE D AERAK, R 0.212, XK B 658 N GE
WP,
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oo 3 25 2R v ) R TR B AR AR AR =2k
B AT S A I U | FLZR A IR e ) 559 .
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Table 6 Principal component scores, membership function values, and comprehensive evaluation of low-phosphorus tolerance of grafted seed-

lings with different rootstocks

Bt sk e e
Tili A A D Eil352
cl, cl, cl, cl, U(X,) U(X,) U(Xy) U(X,)
AR 1.037 0.042 0.326 0.185 -0.001 0.499 0.586 0.164 0.226 12
KA 4 45 1.093  -0.044 0.196 0.189 0.263 0.164 0.137 0.178 0.212 13
X0l 455 1.148 0.075 0.263 0.139 0.527 0.628 0.369  -0.002 0.481 5
Tifivt 316 1.199  -0.008 0.222 0.252 0.768 0.305 0.228 0.402 0.538 3
LKA 2 5 1.194 0.006 0.222 0.212 0.746 0.359 0.227 0.259 0.527 4
RTWM2206 1.150 0.031 0.234 0.156 0.536 0.457 0.271 0.061 0.433 7
RTWM2208 1.124  -0.086 0.283 0.253 0.412 0.001 0.437 0.407 0.308 11
SUKAG 15 1.248 0.171 0.271 0.394 1.001 1.000 0.397 0.910 0.907 1
T 1.068 0.047 0.292 0.419 0.145 0.517 0.470 0.998 0.367 9
FPUKIK 1.218 0.138 0.295 0.348 0.857 0.872 0.481 0.746 0.797 2
Fhk1 5 1.078 0.078 0.277 0.330 0.192 0.636 0.416 0.683 0.384 8
T fiRAS £ 1.069 0.085 0.446 0.364 0.152 0.667 1.001 0.803 0.465 6
CK 1.049 0.137 0.219 0.362 0.056 0.866 0.218 0.797 0.357 10

CIL 55 1 FROMSIY  CLy 58 2 FIRAMG9) 3 CLy 5 3 I8 00; Ly 55 4 FROMGIT U(X)) 505 1 FR S m RAUE ; U (X, ) 58 2 T
JEPRE U (X, ) 28 3 TSRS B U(X,) <55 4 Mo Fe)m R B, D - TRHEBRZE 5 PR, CK. A 84-24 FERIRN

KR :}
CK

RG4S

G
e

Ehikias :}
3 RTWM2206

A FT(R)

Hk7a316 ]
TREG2 5

RTWM2208

R )

S| —
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Fig.3 Cluster analysis of low-phosphorus tolerance capacity among grafted seedlings with different rootstocks
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