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Effects of actinomycetes fermentation liquid fertilizer on growth, physiol-

ogy, yield and quality of Ziziphus jujuba ‘ Junzao’
ZHANG Ying, LI Wengian, JIN Yong’an, HAN Gang
(College of Forestry, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Xinjiang has become the most important high-quality jujube production area in
China due to its unique climatic conditions, of which the jujube is particularly outstanding due to its ex-
cellent quality in the desert fringe areas such as Hotan. However, there are some problems in that area
such as low organic matter content, poor water retention and imbalance of fertilizer micro-ecology in
the soil directly caused by jujube trees, resulting in decline of fruit quality and yield. Actinomycetes fer-
mentation liquid fertilizer can produce a variety of small molecules of organic matter and other metabo-
lites, and even antibiotics and hormones, etc. through the decomposition of organic matter. This study
aimed to investigate the effects of different concentrations of actinomycetes fermented liquid fertilizer
on the growth and fruiting of Ziziphus jujuba ‘Junzao’. [Methods] The experiment was carried out in
Beijing Agricultural Park, Lopu County, Hotan Region, Xinjiang. The actinomycetes fermented liquid
fertilizer at three concentrations (the original solution diluted 50 times, 100 times, 200 times) were

sprayed on 4-year-old Junzao trees in the leaf spreading stage, the young fruiting stage, and the white
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ripening stage, respectively, water was used as the control (CK). The sampling was carried out 35 d af-
ter each spraying to determine the basal diameter of the first branch, basal diameter of the second
branch, leaf thickness, leaf area, P., G, T;, C;, SPAD, LRWC, SOD, PAL, PPO, weight of non-merchant-
able fruit, weight of superior fruit, yield of a single plant, weight of a single fruit of superior fruit, rate
of superior fruit, total sugar, titratable acid, and sugar-acid ratio of jujube. The data were analyzed using
Excel 2019, and SPSS 27 was used to perform ANOVA, Pearson correlation analysis and principal com-
ponent analysis (PCA). Origin 2025 was used for mapping. [Results] The basal diameter of the first
branch of the new jujube significantly increased by 7.42% and 5.94%, respectively, in May and July un-
der treatment with YF100, compared with that of the control; the basal diameter of the second branch
was significantly increased by 8.21% and 7.16%, respectively, in May and August under treatment with
YF100, compared with that of the control, and it significantly increased by 7.14% compared with that
of the control under the treatment of YF50 in July, while the differences between the other treatments
and the control were not significant. The thickness of the leaf blade significantly increased by 7.05%,
13.27% and 9.19% under YF100 treatment in May, July and August, respectively, compared with that of
the control, and leaf area significantly increased in July and August under YF50 and YF100 treatments
compared with that of the control. The net photosynthetic rate (P,) of the leaves increased significantly
by 5.38% and 6.50% under the treatments of YF50 and YF200, compared with that of the CK, respec-
tively. The transpiration rate (7;) significantly increased by 5.51%, 4.09% and 6.92% under the three
treatments respectively, whereas the interstitial CO, concentration (C;) was significantly lower under the
treatments of YF50 and YF100.There was no significant difference in stomatal conductance (G,) under
the three treatments. The leaf greenness (SPAD) increased under YF50 and YF100 treatments compared
with the control in June and July. The leaf relative water content (LRWC) also significantly increased
by 12.71% under the YF100 treatment compared with the control; at the same time, SOD and PPO sig-
nificantly increased under the YF50 and YF100 treatments compared with that of the control and PAL
increased under all treatments compared with that of the control, with a significant increase under
YF200 treatment. The weight of superior fruit, yield per hectare and superior fruit rate increased under
each treatment compared with those of the control, and the weight of non- commercial fruit was re-
duced, especially the differences were significant under the YF50 and YF100 treatments. Moreover, the
total sugar increased under the three treatments compared with that of the control, and the sugar-acid ra-
tio and titratable acid also increased compared with those of the control, but the differences were not sig-
nificant among treatments, the difference was only significant under the YF50 treatment compared with
the control. [Conclusion] The actinomyces fermentation liquid fertilizer can promote the growth and
physiological function of jujube tree, and improve the yield and quality of jujube fruit. 100 times dilu-
tion of the original solution seems to be mostly beneficial. 3-5 times of stand-alone spraying or com-
bined spraying with pest control or flower and fruit management would be suggested in jujube planta-
tions in the sandy area of Southern part of Xinjiang.

Key words: Junzao jujube; Actinomyces; Fermentation broth; Foliar fertilizer; Growth; Physiology;
Yield; Quality
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Table 1 Changes in compositional indicators of jujube yield under different concentrations of actinomycetes fermented

liquid fertilizer treatments
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Note: Non-commercial fruits in this table include diseased fruits, peeled fruits and insect fruits. Different small letters in the same column indicate

significant differences among treatments (<<0.05).
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Treatment Am0}1nt of single stock Total amount Fertilizer

solution per acre/L per acre/L costs/('Yuan)
CK - - -
YF50 1.68 5.04 201.60
YF100 0.84 2.52 100.80
YF200  0.42 1.26 50.40

H A H A 666.7 m* B ARYE R A WU =R LA 1S
. £666.7 m’ FAAEARYE R 4 HhIR % 10 JC kg
G B A vE 5, A3 H & AR B 666.7 m* 1+
aio WIR3 PN. WA FIE AL 5 5 666.7 m ™
B E TR YFS0 4bFEAE 666.7 m 77 fy i » G
CK T 15.17%: YF100 &b FE IR 2, A 12.40% ; YF200
A PR FARAN N 2.91% . 56 IR 10 T kg M58
5, 666.7 m* PP E LGS 58—

R3 TRIKREAIBEF Y ITA
Table 3 Evaluation of the economic benefits of treating

different concentrations

4 2 4 2y

BOOOTIN ooy il o067 M
yosiil PR ) s/ o6

. Value per 666.7 m*/ .

Treatment  Yield per Yuan Net income per

666.7 m’/kg 666.7 m’/Yuan
CK 378.33 3026.04 3026.64
YF50 435.72 3485.76 3284.16
YF100 425.22 3401.76 3300.96
YF200 389.33 3 114.64 3064.64
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YF50>YF100>YF200>CK. ¥ I 35 52 & B & 5% 2RI A5 B IRk BT 3 S i &% b

MR o e Ay, KA LA S a8 A EEEA
] : YF100 &b 2 5 Ui 25 B i, 58 CK 3G 1 8.73%
YFS50 &b 3 8 7= 5 e » {5 R A » 1A 2 T
& T YF100, 1% CK 3 /111 8.51% ; YF200 4k £ [K =
BRI, I 3R A L CK 1 1.26% , £ 3R #OR
B . 256 AR5 IaE VAL , YF100 b B N fefR 22
2.6 ERTAM(PCA)

W 4 FroR , 5 32 4 21 A F8 AR IR bs A0 £ 0t
1T E A 30T, (3 B RT3 A F R FRIEEI R T 1,
H B3 7 Z 5Tk R IA 5 92.788% , A E T ¥ bR

HE W T E RSy WL, 5 — E R S AR
2 AR SR R AT E R R R U G, T
HH AR RIEASE, EEEGS TR AR
BVRILSE S AR AR R R R
OB EMNERILENTREE. F ol
FEGA T SRR R AR RS
A (P ] COL K BE (CD 2K TN & T R 2 Il
(PALD ¥ 14 A AT 35 78 R & B 1A A5 B 5 28 = F ik
gy FE R T A S K & A B
(SOD) i 1 « 2 By S AL Bl (PPOD ¥ 14 A SR B 5 o

EREE.

F4 TSR AR SRR

Table 4 Principal component load matrix, eigenvalue and contribution rate

. LRy i 2
fiibx Principal component, PC fhibx Principal component, PC
Index Index

1 2 3 1 2 3
X1 B R Ak A2 0.960 -0.179 0217 || X13: ZEYELEF(PPO)E T 0.851 -0.228 -0.473
X1:Base diameter of head branch of new jujube X13:Polyphenol oxidase activity
X2: IR EA 0.817 -0.569 0.094 || X14:ERT 5 E R &= -0.962  0.139  -0.233
X2 :Basal diameter of secondary branches X14: Weight of non—commercial fruits
X3: My S 0.853 -0.474 0219 |[X15:fLHFE 0.920 0296 -0.257
X3 :Leaf thickness X15:Weight of superior fruits
X4 TR 0.869 —0.488 -0.083 || X16: fifki= & 0.895  0.332  -0.299
X4 :Leaf area X16:Yield of single plant
X5: @GP 0.770  0.578 0272 ||X17: kR R 0914 -0250 0319
X5 :Net photosynthetic rate X17: Superior fruit weight per fruit
X6: AL TG 0.949 0313 0.022 | XI8: 4% 0.978 -0.109 -0.175
X6: Stomatal conductance X18: Efficient fruit rate
X7: & H A (T) -0.838  0.487 0.248 | X19: bR 0.926 0312 0213
X7: Transpiration rate X19:Total sugar content
X8: ] COKSE(CH 0.719  0.638 0275 || X20: A &M & & -0.886 -0.422  0.194
X8:Intercellular CO, concentration X20: Titratable acid content
X9: Iy £ (5 /% (SPAD) 0.969 -0.247 0.030 || X21:HifEL: 0.905  0.418 -0.076
X9:Leaf greenness X21:Sugar-acid ratio
X10: 1 Fy AXT 75 7K B (LRWC) 0.755  -0.386  0.530 ||4FfEME 16.072 3413 1515
X10:Relative water content of leaves Cigenvalue
X118 A ARG (SOD D) Tk 0.812 -0.294 -0.504 || TTHAZE 76.535 16253 7.212
X11:Superoxide dismutase activity Contribution rate/%
X12: RN R R i 2 i (PALD G 1 0.755  0.654 -0.050 || RitTrikx 76.535  92.788 100.000
X12:Phenylalanine ammonia-lyase activity Cumulative contribution rate/%

N k2D 1R T IR A R TR 1 R LI
IRBEAC TR, AR AE Ry 70 M 4 R SAS R AR 2
MIZEE VT2 (R 5. 261370 (DR Rz %
AbBRZT A B A P R R SR A (5 BT .

25 BUHE AT, A5 A [R) R R AR B R TR )R M YF100
AR 1S53 e, B DA B 100 135 1 02k 1 % 18 IR

R 1E]

MR AE.
3 W w

AT 78 2 BT e FiS 28 B R TR N A P
SR REARAE S H AT H YF100 Ab PR A6 FE 5 35 42 5
TREHEARAE S A .8 H YF100 &b FE &2 7 H YF50 &b
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Table 5 Principal component score and ranking under
different concentrations of actinomycetes

liquid fertilizer treatments

4o A

e N = '
F2 Dn Comprehensive

Treatment .

Rankings

CK -3.497 0.418 -2.607 4

YF50 1.696 0.696 1.008 2

YF100 3.370 1.316 2.793 1

YF200 0.962 0.603 0.834 3

RSB 6 BB s i R 578 A YF100 &b 2 4y
i) 82 2 N 7.05% 4 13.27%9.19% ; M-I AR U 7E 7.8
H YF50 5 YF100 &b 2R & 25 59, H 78 jta F i 2k
B R B WS YF100 A1 YF200 4k 3 1 - 4 % 2
K CK L3 190, i BH W5 it i 4% B K T R B e
R T AR A 2% (1 SERELRT I TR JE P 348 o, v
v V5 FE R 3G A b B8 it A7 BE 22 R K 4y, B s
FIPRKRE ST I F R BT e A1 FH R ZE G 1
FH (1 2 228 B0, 1T - 4 22 A A0 W SO Y
THEER M E YR, &R e LE R
e AR R B AR S M OB SRR L. AR AR
it FH AN T8 9AC FE TRO4R T R T MR IE 5 5 i i SR
(SPAD)7E 6.7 F YF50 F1YF100 Ab 3 R ¥y 6t B A
Bt Bk B e Al R (PO TE YF50 A1 YF200 4b
PR BO0 IR 2 TR i, A R (THTE3 ML T
R IR COL K (COTE YF50.YF100 Ab#E
RERFR. RS TR TS AR R R
R T2 gk BRI OG- A AR AT, B B3 i i
JEA TR ZE G A, AR COMKE , 5 A 7T
SERIBON— . U BT R i TS R R R R
I RRDGEVE R R S AR R R
ER . SALSERIBEYELSE S COMKZE
KIRETT, B3 DEAAE R R RILS
& BRI E  BSALF BN 5
JeA T ZE S R R OCE, R EA 2 MAAE
NEVIFINIERLE R o

FEYDIEIL Y6 A AR T BB K A A 9 A R sz =
R T I E B B SRR Y . AR A, e
AN TR FE T B R T I S A SR o 2 PRk e
1 B ZAE YES0 AL FE AT YF100 4b B 2945 AS [ R 1)
77, HE5 R ERMBETHR . NEHFW ALK
IO 2407 D 5 A R 2 e 8 A (1 R R VR P Y et

R A AR R B ] — e R E A . SR
SO0y g R W, W e A 4 B R T AT A AR
I 2 S =i DI\ iy & S i (L 7/t =S
TR T . M RAECIT iR B4 B Ak SW20 K&
P A 3 1 /I DX i B i v TR KON R 5 AR A
(1t i A A [R) AR AR R LA vT B — S0, i B
TR R RS e R S I E R .
BTG — RF IR A, 2B AR =4, [FAL
MM A8 T 3Bt 32 nT v YRR, o] 1
AR K5 T WGV, [F I 2 A ) 32 2
MBS R R 22—, IR 5T R L, A2 B
LR A12 F1 C13 R EF R AL 3R R e AN [FI A2 2 Hh 2
AR AR P o G i 3, G T8R4 5 28R,
P ey S N BT o AT FT R, Vit AN [ R R TR B K
BER I J5 , SR B0 3 AN A B R 00t B AT B
Tt BE R LU AT AT 3 2 B FE 7 YFS0 Ab BN H0o0] B
AR ESR, 5 R L R —80 B T IR E K
BARE 5 i e A R L S R I T A ¢, 8 il
A A F AT LR IR VR AL, B i S b B &, AT TR
Z WA SR I AE A AR = RN E TR, B IR o) it
IS5 AT ST B3 3 o2 TR 1 538 4 5 o

IR TTBULR B AR A B A AR T M B R, R
EKFE B O AR TIESE, i 769 B ¥k A B
W] @ % S 55 4 B R (CAT . POD L PAL) i7% 14 4%
SERAE ) PO PR . ZEHE IS TR T, R
MI2 B ¥k K T VR e 15 3 28 %5 75 10 T 5% 08 1k AR AL
R B AP TR I ) KB B B ZZ-9 TRk K
T Mk 3 1) 2N 22 41 T PPO A PAL 3 P S 35 4 i L
T4 PR MIS27 R B R 0 T TR ) o f RO B R R
3 ) R F B D B T R B2 P A AL R
Y, SRR IERE I Ak TS AR 77 2R R G
ok HEAE B WAL . AT AR I, B A [F
FE i 2% B O T VRRE 5 RE 5 1 5% SOD . PAL A1 PPO
YU A SCEE TR, SAr AR A R 8. B
) T 208 B R T A R R DA e sk 38 5 e A DG B 7
P 18 5 R R 00 R T e D 0 7 R A
i o )

4 4 B

Jit T8 T A T VS T A [ 2 2 e i A 3y
EERAEA, B 5 AR Ol A 1 P AN RE i SR R A AR
2, P A Pk, ATt AR S . Hop
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