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Effects of different amendments on salt tolerance and growth of watermelon in saline soils

XU Shiqi', HE Yanzhen', LI Rui®, HU Kexin', GAO Yiyao', WANG Xudong'

(1. College of Resource and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and Agri—environment in
Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China; 2. Agricultural Technology Extension Center of
Shenmu City, Shenmu 719300, China)

Abstract: To alleviate the stress of soil salinization on watermelon, “Pure 8424” watermelon was used as the experimental material in the
field trial. Six treatments were designed as follows: chemical fertilizer only (CF), CF + calcium huminate (CFR1), CF + water—soluble
silicon fertilizer (CFR2), CF + rhamnolipid (CFR3), CF + calcium huminate + water—soluble silicon fertilizer (CFR4) and CF + calcium
huminate + water—soluble silicon fertilizer + rhamnolipid (CFR5). The effects of different amendments alone and in combination on soil

pH, salt—based ions, watermelon salt tolerance, and growth were examined. Furthermore, a comprehensive evaluation of watermelon salt
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tolerance indexes was performed using the membership function method to screen for the best amendments and their combinations suitable

for watermelon growth in saline soils. The following results were obtained. Application of the amendments reduced soil pH; the CFR3,
CFR4, CFRS5 treatments effectively decreased pH by 0.3, 0.4, and 0.4, respectively, compared with the CF treatment (P<0.05). The single
or mixed application of amendments increased soil Ca®, K*, and Mg” concentrations. The CFR1, CFR4, and CFRS5 treatments significantly
reduced soil Na' concentration. Compared with the CF treatment, the application of CFR1 treatment, which had the most pronounced effect
among the single amendment treatments, decreased soil Na* concentration by 6.56% and increased K*, Ca®™, and Mg concentrations by
16.13%, 31.96%, and 20.85%, respectively, in each case reaching a significance level of P<0.05. Furthermore, the single or mixed
application of amendments promoted watermelon photosynthesis, quality, and yield. Compared with the CF treatment, the net
photosynthetic rate, soluble solids content, and yield increased by 15.22%-43.76%, 8.57%—20.45%, and 14.41%—-40.83%, respectively.
The CFR2 treatment had the most significant effect among the single amendment treatments. The application of amendments significantly
reduced the Na" concentration in watermelon plants, which enhanced the salt tolerance of watermelons. Compared with the CF treatment,
the malondialdehyde content and O+ production rate in leaves decreased by 12.14%-30.97% and 18.97%—47.59%, respectively, while the
peroxidase activity and proline content increased by 31.72%~74.73% and 26.56%—48.95%, respectively. Calcium huminate, water—soluble
silicon fertilizer, and rhamnolipid applied alone or in combination not only alleviated the damage caused by soil salinity stress in
watermelon plants to a certain extent, but also significantly enhanced the salt tolerance of watermelon and promoted its growth. The calcium
huminate treatment had the best effect among the single amendment treatments. Compared with the single amendment treatments, the
combined application of three amendments further improved the salt tolerance of watermelon and achieved the best comprehensive effect
overall.

Keywords: saline soil; soil amendment; salt-based ion; watermelon; salt tolerance; quality
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1.1 AR XEHR

TG FBRVE A KT B, Hu kb BV 56 o 4R
B (34°36"~35°02'N,109°43 ' ~110°19'E) . % H & I
TR 2T R R AR R 14.4 °CL %
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grkg VEEBA SR 2.38 me kg IS A A SR 6.52 mg-
ke, BT 0.26 g+ kg, AW T 5 6.16 mg kg,
PR 2114 g- ke B i 85.00 mg- kg, A
Bk T 1 2.95 mg - ke, A AR T 2.79 mg ke A
RO i 0.13 mg kg, A AUFE T 7 0.27 mg kg, A
5 0.94 mg-kg ', pH 8.3, M Eh 5 0.26%.,
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At e R« B R A (B BURR >80% , 45 7 i >
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15~30 mg« L7, ACHIF 5w B2 W% D W K vk 132 o 20
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1.3 R it

R T 2021 4 5—8 H 78 K35 BV sk kA7,
R % B AR IE (CF) b B+ 5 iR €5 (CFR1) L fk
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Table 1 Amount of base and topdressing fertilizer for different experimental treatments

SO FEHE

Treatment Base fertilizer

VGBI
First topdressing fertilizer

5 UGB R

Second topdressing fertilizer

CF AEIE (JR 28 75 kg hm >+ R — %% 525 kg-hm™)

CFR1 AURE +EA KRS 50 kg - hm ™
CFR2 AERE+/KEEPERERE 100 kg« hm™
CFR3 AUE+ R4S 15 kg - hm ™
CFR4 ALHE -+ BB ES 50 kg - hm >+ 7K F

FEJE 100 kg-hm™

CFR5 AL AE+BI LRSS 50 kg - hm >+ 7K IEPEREAL
100 kg - hm >+ Z=HEE 15 kg hm™

FRIE (PR 225 kg-hm > +HRRE 150 kgrhm™)  FRAE(JRZE 75 kg-hm >+6RREH 225 kg-hm™)
AENE+5A LIRSS 50 kg - hm ™

AERE+ 7K I PERE R 100 kg +hm™
AEHE+BRZ=HAE 15 kg hm™

ALNE+ B ARG 50 kg - hm >+ /K EPEREIE
100 kg+hm™

AEHE+ BB ES 50 kg - hm 2+ 7K L REE
100 kg-hm™ +ERZ=H4AE 15 kg-hm™

ALAE+ 5 HRR 45 50 kg hm™
ABHE+7KEPEREAE 100 kg hm™
AEHE+ R AHEAR 15 kg-hm™?

ALHE+I R4S 50 kg - hm >+ /K I HERENE
100 kg+hm™

ALHE+ BB ES 50 kg - hm 2+ 7K L REE
100 kg - hm+EZ=HEE 15 kg hm™

WWW.QEs.0r9.CN
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Figure 1 Effects of different amendments on soil pH

K, RS BRR S KA T REAE 5 B 2SS TR A it
RERSTE— EFERE LA 358 pH, 038 SR BICIR I
2.1.2 X HEER L B 52

55 CFAH EL , it FH o8 R 500 B 408 Jnd 25 185 o 1 3438 Ca™
K" Mg* & &, CFR1,CFR4 .CFR5 & P& T 44 Na”
T (P<0.05), Hoh DL CFRS R i fE (&1 2) o & CF
Ab R, 4% R B4R B Ca® A R IR N 19.85%~
42.62% (Kl 2a) . H— R4 FE A CFR1 % CFR3
EHAIN T 10.10%, {55 CFR2 JC 2 % % 5 ; CFR4 8¢
CFR2 1IN T 7.78%, 1M 5 CFR1 JC i 3 22 5, 15
TEARH P A S v it 151 SR 65 R 8 0. 35 8 ey 138 Ca™
SrhE R R S R b Ak S it K v A
FIURA % . CFR1.CFR4 . CFR5 1Y 13 Na 3 4%
CF AR T 6.56%~11.48% (& 2b) , B—pk [ 57 42b
P AP (S5 RO A e S RIS - 4 Na i itk R
FIAE PR ) K5 548 CF A A [R) B2 B 038 hn L Y i oy
3.23%~48.39% (&l 2¢) , HoHr CFR1 % CFR2 .CFR3 43
HE T 12.50% .5.88% , CFR4 % CFR1.,CFR2 4351l i
T 5.56% 18.75%. +3EMg* & mArfb s (E 2d),
CF #H Lt , i B 570 40 BE A Mg™ 55 34 08 N 11.37%~
37.91% , /NI AR Ik B CFR5>CFR4>CFR1>CFR3>
CFR2,H:H CFR5 % CFR4 B #1 T 8.18%, 1fij CFR4
A CFR1.CFR2 4332 E N T 5.49% .23.83%. HIL
AT, BA— i [ 5 A R AP LS ARG B el AR
T 7 50 00 5 A K 3 P ke S %) 6tk 2k 25348 s B 2=
WERRRERS W25 38 = R KR K Mg 5 .
22 AEBRAMERRRS =2

A P 3 AT AT, e R R A BRAS CF BE f2 25 38 i 2RI
o1 5 0GR PR DR W R (P<0.05) , Horr D)
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Figure 2 Effects of different amendments on content of soil base ions

CFR5 % B iz . CFR1.CFR2.CFR3 14 - 24 5 ) o
A CF 3 428 T 14.41%.17.03% . 15.50% ; CFR4
% CFR1.CFR2I4IN T 17.37% . 14.74% (E 3a) . 54
FRA PG I JE 25 S 35O 2 (1 3b) o R TRl el R 5 4k
FRPG I Hoc AT R 9 & 4 CF 34 35 (1]
3¢), WA R N 8.57%~11.77%. V4RI n i [
Yo As ik B on (B 3d) , 5 CF A E, A [R) Ak B 3 i
KNI AR YR 9 CFRS (20.45%) >CFR4 (19.15% ) >
CFR2(9.64%)>CFR3(9.05%)>CFR1(8.70%) ., L\ I
g5 SR B — i R b B P LK R PR R A A R TR
O BT, OF O B S 5 K PR R E AL E A i
FHRE 8% 1 — 25 $& T P4 I 5T, L 4k 22 1 it BRL 4= W P
Jei RO i 2%

AN [A) b B PG I 5 I UK S CFR5>CFR4>
CFR2>CFR3>CFRI>CF(#2). #ohnek R aE6S B 2
PER VU7 (P<0.05) , Hor DL CFRS 34 72U e
5 CF 34T 40.82%, CFR4 kb BE#E CFR1, CFR2 4b 34t
BN T 17.38% 14.74% .

2.3 AEH R FIxf AR R A9 B A #0E

55 CFAH H, £ ol B 700 4 2357 B I 2 444 in v JTORR
FIHFL(P<0.05, ¥l 4a) , 15 i K F) /MK IR B CFRS
CFR4.CFR2,CFR3,CFR1. i — i B3 4b # p L)

R2 AR R I A= 2RS0T

Table 2 Effects of different amendments on yield of watermelon

PET] P S
Treatment Yield/(t-hm™) Increase/%
CFR1 48.68h 14.41
CFR2 49.80b 17.04
CFR3 49.15h 15.51
CFR4 57.14a 34.29
CFR5 59.92a 40.82
CF 42.55¢ —

TE < [ — S ECT 5 AN ) T REe s 2% A B R 22 53 4k 25 (P<0.05) .
Note: Different letters after the numbers in the same column indicate
significant differences among different treatments (P<0.05).

CFR2 M 1 FUl% K, CFR4 %¢ CFR1 ., CFR2 43 5| 3 fin
1 25.00% 19.88% , it B 7K 5 1A e JIE R AR 2 T AR 42
THEF R THISBRES . CFRS % CFR4 Y M 2 18 2 1%
EHIINT 8.78% , 3 W14 i B 4= W N Ak % foff Al 2% 1H1 AR
RN E—10n . 5 CF A EE il FH ek K57 BB i £
MK K (E 4b) o AR e B 7 4b BREL CF 1) B AR K
B Sk 3.23%~12.86% , HH L CFRS 3% i i K, Hk
4 CFR3 .CFR4, BA—pir BLFI40 B AR L CFR3 A EAR K
SR e K, B8 CF BN T 8.70% 5 5 B — iy K5 4b B
HH LG, CFR4 REAS HE— 252 U V5 TR R A 1, H 3%t B
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Figure 3 Effects of different amendments on quality indicators of watermelon
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Figure 4 Effects of different amendments on root architecture of watermelon
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Figure 5 Effects of different amendments on photosynthetic parameters of watermelon
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Jite FH e S 700 R i 2 3 0 PG I sk AR Ak il
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K (P<0.05, 8 6), HA L CFRS SR e fd: . 5 CFAH
Fb , AN T 2 B 750 et P I A BER %) i 2o SR A Tl 1 1
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W 7 i SR A I S P, 2 AR R R R Al | 4k
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SRR BN, CFRAES CFR1 IR E T 14.25%,
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Figure 6 Effects of different amendments on physiological indicators of watermelon
3 AEAMRFANAMBER ZEFMHFH Ca KFANSSEM RN
Table 3 Effects of different amendments on the content of Ca**,K*,and Na' in roots, stems, and leaves of watermelon
AbFE Treatment CF CFR1 CFR2 CFR3 CFR4 CFRS
MR Ca/(g-kg") 1.20dC 1.50¢C 1.40cC 1.40¢C 1.90bC 2.10aC
Root Na*/(g' kg") 2.50aC 1.80cdB 2.10bB 1.90bcB 1.70c¢dB 1.60dB
K/(g kg™ ) 4.50cB 4.80cC 5.90bB 4.80cB 6.20abB 6.50aB
Na'/K* 0.56aB 0.38bcB 0.36¢B 0.40bB 0.27dB 0.25dB
Na'/Ca®™ 2.08aB 1.20cA 1.50bA 1.36bcA 0.89dA 0.76dA
Evi Ca™/(g-kg™) 2.30eB 3.80bcB 3.60cdB 3.40dB 4.10bB 4.50aB
Stem Na'/(g-kg™) 5.90aA 3.80cA 4.60bA 4.20bcA 2.90dA 2.10eA
K/(g-kg™) 5.10bB 5.50bB 5.60bB 5.40bB 6.50aB 6.90aB
Na'/K* 1.16aA 0.69cA 0.82bA 0.78bA 0.45dA 0.30eA
Na*/Ca® 2.57aA 1.00cB 1.28bB 1.24bA 0.71dB 0.47¢B
A Ca™/(g-kg") 7.50eA 12.80cA 12.60cdA 11.50dA 14.50bA 15.90aA
Leaf Na'/(g-kg™) 3.10aB 1.50cB 1.90bB 1.80bB 1.20dC 1.00dC
K/(g-kg™) 8.50bA 8.90bA 9.30bA 9.10bA 11.30aA 12.40aA
Na'/K* 0.36aC 0.17¢C 0.20bC 0.20bC 0.11dC 0.08eC
Na'/Ca™ 0.41aC 0.12¢C 0.15hC 0.16bB 0.08dC 0.06dC

T AT AN /NG PR3N A A TR 22 5 35 IF)— 3R [ K5 T RER R AR IR C R AN [ AL 1] 22 53 .3 (P<0.05)
Note: Different lowercase letters in the same row of the table indicate significant differences among different treatments. Different capital letters after
the same element numbers in the same column indicate significant differences among different parts (P<0.05).

FAL P L CFRS RO e AE, KW 3P RIS 2.6 AR R 77X BN & R I Y 4 & 1 E M
HRCR IR B R A H1 T B — 8 bR AN RE LR A At A [R] e RS 6S Y

1% WHART]
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F, HAS A e 5550 A H G 7 TR 6 4 52 0 14 255 80R:
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BB A S 3T HL A 24 4y, it A 2 AR 2
VAR 245 K6 T A 23 T 3 3R 058, IATT R AR T 48 18
o WA R, SRS A BT A R P )
P REE 1 , 22 Ak DR 6 Pl 1 5 S50 0485 iy 5 | A 4
JEUE RN, B 5T I RS T I Na i 1E 2
P, Tattini S HA 35 FLVR 1 Ca> BERS Y INAE P
SALTE 5780 R WA P i R A U A 5
AWFFEF M, A0 B L CFRS X 75 I R i 42
Thas SR fre A, — 5 T o] REJE Ak 0 AN B BB 1k R 7Y
FEIR N BT B AL 5 48 2R Gk 32 AR AR O B 1, A
T 65/ N 49 DR 3 i T 3 o P 4 o £ 0, 55—y
17, REAE RESSAIE UEAR AR 2R X Ca® Mg K454 it
FRI WY, 30 ) 52 = A Y R ) HY - ATPase i 1975
PERAR HE Na* S 5532 Z W00, 1070 X Nar i W i L 4k
FRE AR 1 B AW AR AR S — Tl AR ) 3R H T AL
I, 55 A R A REL A it FH BE 2 R IR Pt R i 3=
1K 7, AR AR AR X 55 53 B WL
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Table 4 Subordinative function values and ranking of salt tolerance indexes of watermelon treated with different amendments

MAAE XS K Ca™ B MAL, AnAE 49y i P 2 A 2

I H Item CF CFR1 CFR2 CFR3 CFR4 CFRS5
43¢ pH Soil pH 0.200 0.400 0.200 0.800 1.000 1.000
M F 05+ 77 4E #4035 production rate in leaves 0.026 0.414 0.539 0.618 0.875 1.000
TN W MDA content 0.085 0.444 0.528 0.565 0.940 1.000
It 2R 75 = Pro content <0.001 0.543 0.781 0.658 0.911 1.000
i A A YTEFE E POD activity 0.073 0.467 0.740 0.507 0.860 1.000
i K54 K* content in leaves 0.152 0.239 0.326 0.283 0.761 1.000
M F Na'#t Na* content in leaves 0.125 0.792 0.625 0.667 0.917 1.000
I H- Ca® %% Ca® content in leaves 0.023 0.640 0.616 0.488 0.837 1.000
ZEFF K75 K* content in stems 0.100 0.300 0.350 0.250 0.800 1.000
ZEFF Na' &4 Na’ content in stems 0.136 0.614 0.432 0.523 0.818 1.000
ZEFF Ca® % 1 Ca® content in stems 0.083 0.708 0.625 0.542 0.833 1.000
MR Z Ca> 5 i Ca® content in roots 0.100 0.400 0.300 0.300 0.800 1.000
MR Na* % i Na® content in roots 0.250 0.835 0.583 0.750 0.917 1.000
M2 K% K content in roots 0.130 0.261 0.739 0.261 0.870 1.000
+3E K% fi K* content in soil 0.375 0.583 0.417 0.500 0.667 1.000
+3E Ca® %5 fit Ca™ content in soil 0.059 0.765 0.668 0.497 0.888 1.000
+-3% Na* & Na* content in soil 0.364 0.727 0.273 0.091 0.909 1.000
138 Mg> & i Mg* content in soil 0.036 0.566 0.325 0.458 0.735 1.000
YI{H Average 0.129 0.539 0.504 0.486 0.852 1.000

HEFRE Rank 6 3 4 5 2 1
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