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Correlation between fruit quality and soil fertility and leaf nutrients of
Zizyphus jujuba ‘Lingwuchangzao’
YAN Liangliang, YUE Kun, SONG Lihua

(School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: [Objective] To establish a scientific fertilization system for Zizyphus jujuba ‘Lingwuchangzao’, the
current study is aimed to figure out the correlation of soil, leaves and fruit nutrients with the quality of the above
mentioned jujube. [Method] With the soil, leaves and fruit nutrients of 5 Z. jujuba ‘Lingwuchangzao’ as the
study subjects, by using the multiple linear stepwise regression analysis the relationship between fruit quality
with the soil fertility and leaf nutrients was established. [Result] The soil fertility properties of different
planting bases were significantly different, and Mn was generally lacking in planting bases. The longitudinal
diameter of fruit was negatively correlated with the soil total K, the fruit hardness and the fruit N content. The
fruit titration acid content was positively correlated with the content of soil available K, leaf P and fruit N, but
negatively correlated with the content of fruit Fe. The content of fruit N was positively correlated with the
content of soil organic matter, leaf Fe and fruit Zn, but negatively correlated with the content of soil Se. The K
content of fruit was negatively correlated with the effective Fe content of soil, but positively correlated with the
total P content of soil. The content of Zn in fruits was positively correlated with the content of available K in
soil, Zn in leaves and N in fruits. [Conclusion] The application amount of organic fertilizer and trace element
fertilizer should be increased in the planting bases of Z. jujuba ‘Lingwuchangzao’, especially that of Mn, while

that of Fe should be reduced. [Ch, 11 tab. 24 ref.]
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RIK A Zizyphus jujuba ‘ Lingwuchangzao’ f& T B ¢ (O B R K fopp ) HARA K, BRIELF, &
We, w\&4eE R, A TR R SR, Bl R SRR A AU AR N, 235 9 467 hm?,
Bt 7 A AR AR AR AW R, Pl AR ORI, AR R A i it Jo SR A o g o SR
PEJLAE, T ARG B RN B SEH R FEOR KA RS BT RIS AT, DR AL
A SRS BTA BT TR o S 7 AT 1 R AR [ R AR 52 Rt i TR 7, RDE R e e S 4
gt , MEOE R, MR REFRSESRARKAMBN R, May RRKERAEAR, fEmis
an JoUA HEE S B AES WESE T R AR S S IR ) Z A R AR DG . SO BIFSE R
i e G F A AT EC AT DA E R R R TR R R LA, Pk S0 s R . R b A R TR i
it R A ACE FR A K S RS IR B3R s PMNIERESETWIE SR . AT IR R AT DA RS R T, S
AR RAR B SAEN R AR RER R K AL AR i R AR B IR S8k, WA [R) R B R X
KARE Y RIS R OCR W TADCHfTSE . (B, xR R R, g
5t R WA TR R WARGE . BE T, AR 5 A R AR EE b 52 i R R AT A, 2T
TAEE. M RS RS B B ARG, I XL B s e R 2T 2 A A [l S
DA A R AR 2 it I £ BRI AR

1 BrRMEX G 8% T %

1.1 AREER

T H R T 38°04'42"~38°04'47"N, 106°31'45"~106°31'59"E, ZIX 4k 1250.0 m, J& Hiiy Kk
BlitE T 52500, R, MRS, HRRRE ., e, #Lmyl, ETER. X2, wd,
A H BRI 4 434.7 h, PICERIN 157.0d, MYARKIARREE 170.0 d, ARORR 3 351.3 h, PSR
8.8 °C, AR 2062~2552 mm., +HEARME L, HRFEERIK, SIERUKER, KBETM, HE
HEEMARK AT S DFREIEHEIL S S EA — 80, FZF 3 A haj i AR 0.1 kg B A
AP, 225 A LA AN A 0.4 kg B2 — % . 1.1 kg BRIR PR . 6 J rf A 4 I B B AR it FH
1.0 kg B9 JC R K IE BB [ &0 R B H N m(R) :m(H B AL 85 ) :m(E AL E1)=9:15:30. #l i & 20 BN
0.20%, HFFBTHIIECN 0.05%], AR O 1.

®1 RERESHEEMERFER

Table 1 Basic situation of Z. jujuba ‘Lingwuchangzao’ plantation

BAEES W/ HOFRA BRATH (mxm)  Ri/a SRR MEHEUAS FEMLEA/hm?

KM 1123.9 37°58'27"N, 106°19'36"E 4x2 12 e+ 5 1087

WMAE 11718 37°53'51"N, 106°23'38"E 4x2 10~12 b 3 925

W2 11134 38°0520"N, 106°23'26"E 4x2 12 Bt 2 1200

KAUER 11098 38°10'57"N, 106°20'38"E 4x2 10-12 L 3 614

HENE 11702 38°19'17"N, 106°24'21"E 4x2 10 it 3 523
1.2 ##

F 2018 4 9 HNA), il ) Raknr 5 RS E, RIEWEH 10~12 a (182U R K
KA, b AR S 3 Rk, IR bt
1.3 B#EAFE
1.3.1  E3EAHS A FEHBEVLER 3 D REE/NX, BERAE /DN X COR ] L S BORE VSR % 0~60 em 2 1
e, RAKEWRIRE SN 0~70 cm®, £ B S EAEI ARG, HURE 3 07, 4 AR A | B4 11
S A {ARIKT, WREE S 2 it 2.25 F1 1.00 mm A0, 25 A A B4R ARAERRI
132 rth#fee  TEAARME IS L 3 AL, T RE R 3 BRI | RS — By Ry, 4
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TERBAM AR . PE . B A 4 D7 B kA R, A HL S R il R LA R I, RS EORE St 180
e, FEXEREM I TRRE, RIS E RS RE . 480 CHLT, MiirfEHEA H AP RAT .
133 RSEHE  ARIAIY (2018 4F 9 H T A)), /BIfEssatii i, sBeRAEM A ricrtErk, 7
AERBRIEIA . PO, m . A4 D7 S BUaE, AR HORE fi 3k 180 oide, 4 [0l S 56 == Ve O iE A TR
ST AE
14 MZEFHE

THEAHLECR N E SR A |, ZRMBIRE R, w2 R BURY BoL, w8 -
BBt T, ARBERA 0.5 mol- L™ BRFR AN FE-sABAPL L (0, BRI AR -m AR L, AR
K CRER - JIACEETHE, ARk . ARCRE . AR = G = e B AR AR - KOG THE
AR A R - e PRI B EOHE . M ARSI BR IR - A ST S, SR Z0E M E AL, BERH
FESP LRI, PR JENCEETED E, 85, BE. BE. Bk SRR OGRS o RS S
G3HT R FERR AR R o3 0 AR B i AR 28, R B I I R B, P R Sl B it
MERERE, R 2,6- SRR A AL e AR 28 C, SR R B0 a2 2 I T R, R FH BTN L 2%
DU AT . I g SR SN e S8 0 P A
1.5 HiEAE

K H] Excel #ATHURALTR, R SPSS 25.0 #4744 GE 1704 -

2 HEREAM

2.1 HEEMTIE FRHE REXFIMRELILRELRER

2,11 RAFHALA IR AE S R 2 AT AR R A AR A B T I ) A AR o AR, AR
UCORARAE R AL . A BUCAR Y B o B, k. SEAE . A T Y B o AU
W o AR AE BE A AL BT . ARl . BURORE . B ACER BT 2 5 A A3 Ao i 7.86 gokg . 54.86
mg-kg'. 4331 mg-kg'. 173.07 mg-kg ', ARIFMIEHZ BAPLE ., A, B, FAERKESR. RiET
B AN AR AR HEN R AR RIEA LR . 2R EEWNERZ . IR L IEN R
0.200 0 mg-kg', ™ E + AP 5 E N 0210 0 mgekg!, M X OAY + HE AR K 0.001 0~
0.165 0 mg-kg ™", W[ UL, AWFFE L HERAF- (AR 0.150 0 mg- kg™, 7E 8 4 5 I X F 1E # i

®2 REKEMEEM IR NSRS

Table 2 Soil nutrients situation of Z. jujuba ‘Lingwuchangzao’ plantation
HOLBY 2R &Ry 2R ARG M A/ AR AR ARG/ i/
(gkg) (g'kg!) (gkgh) (grkg!) (mgkg!) (mg-kg') (mgkg) (mg-kg!) (mg-kg') (mgrkg!) (mg-kgh)

it

wRKRME 16.90 1.40 1.92 19.80 168.00 197.00 520.00 66.20 6.88 17.00 0.3100
e/ ME 1.79 0.14 0.34 14.10 12.00 3.51 70.00 1.60 0.18 1.34 0.0200
Fr(E 7.86 0.59 0.78 16.16 54.86 43.31 173.07 15.71 1.00 4.12 0.1500
P22 5.02 0.38 0.52 1.69 42.92 49.14 130.48 20.38 1.66 3.97 0.090 0

212 RMet R SRS R 3WLIE N R AR 5 2SR B ESR R, 5
LT S5 X IR A Ziziphus jujuba *Junzao W i FRAFAIBFFE A L, RN F 2B BARIC, 255 TR
", S TRE, IR TRE,

213 RMRERSFRERE MFEAMESATUFEE: AEGAEEDZ RS LS R 5795
RO FR S A RS

2.2 XM

221 BHRIEAHALRERSESBAGAXE K6 T AR AL Sy M 5 R K AR SR 5 I
JRZ MAETERR ARG . o HHEAHL . 2R SERMEm . A FEE B E IEAHX (P<0.01);
TR BRI S RIEERR . AR A BEERR B IEA G (P<<0.05); HIEAR SRR
TERR .. TR, AL AEERE BE IEADE (P<<0.05); HHEHEMmE S Rl E b . A, FrE B E IR



634 WroIL R R K A R 2020 4E 8 H 20 H

*3 REKEMRETYRFES

Table 3 Survey data of leaf nutrients in Z. jujuba ‘Lingwuchangzao’
WH  AAgkg)  Bi(gkgh)  Fgkg')  Hilgrkg)  Higrkg')  BH(mgrkg!)  BAmgkg')  Wi/(mg-kg)

RRAE 30.80 3.19 24.00 90.00 14.00 32.00 504.00 0.1300
i/ ME 19.50 1.72 9.30 54.00 5.20 14.00 180.00 0.0500
FAE 27.95 2.69 16.47 65.50 6.40 17.33 262.83 0.080 0
P22 1.98 0.20 4.16 11.01 1.06 1.89 21.62 0.0200

®4 REKERITYERFS
Table 4 Survey data of fruit mineral nutrients in Z. jujuba ‘Lingwuchangzao’

i H (g kg  WiNgkg")  BiNg kg  FBAgkg) £E/(mg-kg™) BE/(mg-kg™) He/(mg-kg™) fifi/(mg-kg™)

SEONEE 3.00 0.42 2.82 4.58 563.00 2.00 11.60 0.003 3
o/ ME 2.05 0.37 1.90 0.16 104.00 1.20 3.50 0.001 8
FEE 2.54 0.39 2.38 0.63 277.69 1.49 5.31 0.002 4
bRt 0.26 0.01 0.22 1.02 84.20 0.24 2.42 0.000 4

=L .
x5 REKERIAEER
Table 5 Survey data of fruit quality in Z. jujuba ‘Lingwuchangzao’

f g/ ARPEEDEY dEAERC/ AR/ AR

WiH R /g %2 /mm Fi4%/mm (kg-cm™) (ng-g) (eke) (mol- L") (mg-g)
i UN ] 15.91 4731 27.91 15.22 25.84 0.165 2 0.18 18.83
i/ME 11.47 40.93 24.43 13.15 18.04 0.104 1 0.14 12.94
P 13.90 4422 26.10 14.18 22.20 0.136 9 0.15 16.41
brifi2s 1.44 2.04 1.07 0.62 2.15 0.148 8 0.01 1.45

®6 ITHEIENERLFHEMRZERERXREY

Table 6 Correlation coefficients between soil nutrients and fruit index

RUdebr AN AR 4B AW S B || RedEir AR AR e M HE deh
L 0.136  0.158 0207 0266 0.189 0257 A 0.819%* 0.786** (0.684** 0.794%* 0.680** 0.551*
Ptz 0.426 0455 0.484 0.542% 0452 0475 B -0183 -0.182 -0.150 -0.007 -0291 —0.179
Witz -0.221 —0.216 —0.169 —0.186 —0.118 —0.065 B 0137 -0.188 -0.191  0.010 -0371 —0.165
T 7 0470 —0.418 —0.301 —0.395 —0.387 —0.248 B -0252 -0230 -0229 -0237 -0210 -0.113
FETEREIEY) -0.140 —0.144 —0.077 —0.226 0.026 —0.005 B —0242 -0217 -0.154 —0243 -0.156 —0.036
e FRC 0.079 0.082 0.115 0.060 0.098 0.022 B 0.748%* 0.772%* 0.779%** 0.771%% 0.761%* 0.678%*
W E MR 0.619* 0.607* 0.586* 0.589* 0.591* 0.444 % 0142 -0.133 -0217 -0.079 -—0.108 —0.147
AR 0394 0446  0.605* 0.530% 0.543* 0.520% i —0.203 -0214 —0.197 -0220 —0226 —0.254

YEW]: *RTE0.05/K - B RFARDG; **FRTE0.01/KF- b AR

K (P<<0.05); T IEHACHSRITHER . ATEERE . BEE B IEARDC (P<<0.05); THHEA RS R
VEERE . B BEEA R EARDCHE (P<<0.05), HPARER SR A, HIEAREE. AR, HIEmS
RS HAT B 2 IE AR G (P<<0.05),

222 rthAASLBRERAZEGAXE KR TH. AR, BSRIHCR. AR, ARE
FH G (P<<0.05) Btk i 2 AH G (P<<0.01); M8 5 1 S0 2 R (P<<0.01). Al (P<<0.05) HAHH X% ;
R S5 R EA A 2 (P>0.05); iR BE 5 R SLRE IR (P<<0.05). AIAEMEME (P<<0.01) HAHH
Kb R B R R (P<<0.05). A (P<<0.05). BF (P<<0.01) HA MM M F 85 R IHHE R
(P<<0.01). A (P<<0.01). ¥F (P<<0.05) HAAHINE; of ol 5 RSB B AH ¢ (P<<0.05), JEHLLEYY
SHIEARIG, MiRSCHIR TR . RS W VSRR . AR CL B OB 5. BEL Bk ST
A IE B F65 22 A B (P>0.05).
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RT MAFSERLERZERNEXREY

Table 7 Correlation coefficients between leaf nutrients and fruit index

SRR A i #l 45 B B # i

T E R 0.557* 0.683%* 0.541%* ~0.469 0.506% 0.467 0.637%* 0.244
A 0.671%* 0.565* 0.259 -0.280 0.646** 0.548%* 0.399 —-0.015
A 0.627%* 0.537* 0.580% ~0.479 0.358 0.519% 0.710%* 0.329
(= 0.183 0.322 0.393 0.007 0.484 0.812%* 0.513%* 0.640%*

B *RIRTE0.05K P B RFAR; ++RIRTE0.0/RT- L AR

223 RERSSRERKZEGAENE HES %8 BETENSRELREZEMELREY
EI j:ﬂ : % 9; ézj 51 EE &F N /f% /?HE Eﬁﬁ‘ﬁ ﬁ % 7F E ﬁé‘l‘i Table 8 Correlation coefficients between fruit nutrients and fruit

(P<<0.01), Hiriv GLS5 5 15 T 2 G 0 5 SR auly _ _
AT A (P<0.05); RIckrigiE o R = "
FLPAT i B AR GRE (P<<0.05); JLsifh i S gerh AR 0211 0061 0046
, N e EX 0.414 —0.159 0.344

M. B, 5. k. BNAHDCA 3 (P>0.05),
it -0.132 0.022 -0.305

23 EWEFREEFARE

S — , o e i —0.673%* 0.542% —0.454
FURCEGARMR R, ekt TR B T

N ol i 4 . =y ik é,’i: ‘ 14 . . .
H ’ FURASLEH ERIIRIEATE ey 0.687** ~0.174 0.539*

LA W (5 ) A BMESEIE e cow com oo
(P2 RS B s R ITRE RN T L T T, gonfr0.05 KT L B o AoRAE0.0 KT I
SETUSCE s e SR SR AR 1 PR AL A

*9 HMRIFHSRmANTIEERFRETSE

Table 9 Soil factors and regression equations that affect fruit nutrient and quality

RELFRGT BT PP SSMiiR e ISR a5 75 F R
P120) 28 (x) 1=33.066-0.693x, 5.834* 0.213
TERR () B (x,) $,=33.066—0.693x, 9.813%* 0.358
AR (rs) TR () ¥5=15.064+0.008x, 13.145% 0.895
A (vs) AHUT (), TliCxs) Y4=2.246+0.073x,—1.799x5 24.746%** 0.642
H(ys) BB (). W (x)) ¥5=2.249-0.017x4+0.504x, 9.126%** 0.735
B () L (x) ¥¢=1.230+0.020x, 28.114%* 0.720

VLI *FRAE0.05/K - L ARG ; **FIRTE0.O UK L B *+*FIRTE0.00 K- L B 3E A6

By RSN R A LTS SR SR A R O A AR T e SRR AR [ T
Je LA

MFERER T, L REKRACRIIR 0 SR IR W AT . R 10 AL CREGHE MR E 2%
R BRI 5 SRV MERE R B2 0 R B RBE AR SRSCR T Bk SRSCEE 2
FAFRISEA o LA SE R SR SETR I B dt A I R [R5 2RSSR A0 it o 2 B 2 D TEAH G

R10 RMRXFSREEPEENRFFRSEFROEAE

Table 10  Selection of leaf nutrient factors and establishment of regression equation affecting fruit nutrients

E SSe N SRS R BIEpEE F R?
HE R () () 1,=0.044+0.0390,, 12.248%* 0.667
AR () Wi(ay) . B(as) 3=0.662+0.4240,+0.4960 11.186%* 0.546
R(vg) (o) ¥4=1.310+0.0050,4 12.244%% 0.769
() FE(as) 6=0.872+0.033 0 21.129%%* 0.635

UL *FORAE0.05/KF EBFHR; **FRFE0.0UK T EBFHIE; **RIRLE0.00 LK [ A
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XS SRS SR K o ) R BT ) S ] T AT 2 AR B AP TR B (R 1) R RSCRERE B
SERSLRERN 5 R E R T R IR AR S RIS 5 SRS g T B s2 RS R sy ; SRS A B
SRR ILIRI R 5 RS0 A RS MR SL [R5 RCRE T2 22 RS AU 5 RS 3
BRI

F11 ZMRXAZIERRENEEZERITYREEFRERGE

Table 11  Selection of fruit mineral factors and establishment of regression equation affecting fruit nutrients
SRR B ST Y BT [ma =1 75 F R
B (v7) () y7=18.248-1.6008, 17.591%* 0.714
THAER(,) (B BB 1,=0.690+0.3808,—0.002, 12.241%* 0.626
H(s) BH(Bs) ¥4=1.536+0.6738; 8.775% 0.841
5(vg) BE(Bs) . B(Bo) y§=—3.250+0.01235+0.114p, 46.118%** 0.857
B(vo) B5(Be) . (o) V6=282.122+74.3994,—9.634f3, 49.996%x* 0.867
FEe) R(B) 16=0.038+0.5734, 8.775* 0.561
B (y10) BE(Bs) ¥10=0.001-3.189x10°° f35 9.171%* 0.553

DEH: *FRAE0.05/K - L W AHG,; *+FRTE0.0 1K [ A, *+F7RTE0.00 17K I i A1 56

3 it 548

TEREMERRRE-NERNRG, AR5 FOTRERAMAEFEVIRR . EpE"Y o5 7 ARR
SEHBZEAE T ZIW AR Rubus idaeus 5550 T 22 7 . ER 2 AE 0 BFSE T - R B M X g e IR #I4 Cabernet
gernischet BRI Sh T SE MR, RSP IR 500 FAK M4, BRI O BRCHE . S - FOR A 1
FERWT: AN[A] LIS AT N [ BR) 1 4 2 SR S o B (AR — B D 25 57 o AR U 5 Ml 2 Rk
KABRFEX, MRS —8, B0 5 8 THEL L 1, xR,
AP 2E SR T R AR S IR B i, KR SRR . SRR Malus sieversii F el i 35808
FR X RS i BRI I A2 %, O TR TR RIAETE P R] 5 A5 BV E T SO R R EE (AR e, 20T
LMERNABE L B TR, B2 PRI . RESF M R 85 4 7 SR — B ), AF5E
4l R T AP A b - SR T M TS AR o bR EN Y, TE S AT AR ) LR SR A B AR G e AR R
L AR S R e FUREE AR TAnifE . KEJTR P ABE A S, Mod o XS, St nsid
TR EKE, TR TER AR LTS BEPEAANTERMEN . AR5 R R S i
TRl I (N i K7/ A e S UNEN N W S e 3 SN (DA A vie SN Py i /R N E A R e
FRNUS200 PR I DA R R4 6 A s 1y 24 m &UIE R oo 3R AR A it o

A5 308 o AH A S B R 2 B LB A N A A . R AR IR S SR A M i S L R Ry
HFZ BIfEER K2, U —FE IR e R IR E 5 TR B UICRRY, RRIMEFRITER
ZAEEE M EAER, X 5EER RGN Actinidia chinensis T WY 245 RIEA— 22, +HEF PR
VB R P B35 o0 1) 2R IE, AR THE S g ROKRIERE T, ARIFSE LA WL & AT AR
LRI, IR R SR A BT -

ANTR) A 3 7 T 2R T SRS BT AR S e 45 S o OGRS SIS A B ) (. 2E Y AR BT AR, AL
B SRS AR R R S SO B G R T INEE U),  sARCER ) T v AT SR S RS R AR . R AR
IEFAERKEE LR HEEEFIUR, WREYELEHN T . SRR MERZYIRG A C, a4
LA ARG YR A A AR . AR R RS 5 BT A2 R A LT
B AL B BK. PEEL. WOUM B, HEEAPL . A AR, BRI A S0 mT T
TV BABRAY 2, BB E) SRS 5 552 T3R5 A SRR P 4% 5, N [] RIS b, RS Jo 2
BEAZ 1 ER A L Rl 52 e PR 2 g e

AR 5E 2 FLNEZ A E 3BT AR FSE R T AT DA SR SR B R AIG, (o7 R R AR S
& i A HL ATl RS A . RS0 A7 RSBk s, HOIEA DG, RAEE 5 R4S hy
IEAESG, SR, XU RS SR B SF C R, REBESHRERPUOCR, HIKIEVI4 I
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RAAEYIAR N RO AR A

BTG AT B . AL BRSO, HAB RO TR A TIEH K- T
RERAUR T FREFRNE, $RTH R R TANE, AL AL B3 A AL A e =R it
i, FEOR, MOBUCBROTERAINE N oSSR AR R SRS e 25 5, SRIBUR [R] AR A PR it
R A3 B 0] SR GRS BRI BT R RS2 o ANORSRARYZ Bl 2537 RSP el A A ik b 4 3%
JE T A, POZIEEERILK, 456 M7 MR ERERE, sk ReR R, DR RS B R
WA RS R Tab e+, W R AR FEAEK , DRIE R IR R4 A KA RIE, 35 A ALt &, AT
RRFE RSB AR AR S RO Rb L, BIEAPLBU ™ Ek =, 1HEFR 25, RO
EHEEI R, Al nsR A KR BUE TR AR T

4 5F ik
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