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Abstract

Objective: Rational reduction of nitrogen fertilizer application and substitution of some chemical fertilizers
with biological organic fertilizers are effective measures to alleviate the adverse ecological effects of
chemical fertilizer application and achieve efficient crop cultivation. Therefore, it is of great practical
significance to explore the reduction of nitrogen fertilizer and the appropriate application of bio-organic
fertilizer in apple cultivation. This study aims to provide theoretical references for fertilization problems in
apple cultivation in Yili, Xinjiang, by exploring the specific effects of nitrogen reduction and bio-organic
fertilizer application on soil nutrients, enzyme activity, apple leaf nutrients, fruit quality and yield.

Methods: This experiment used 'Tianhong 2' apples as materials. Nitrogen application was reduced by 20%,
40%, and 60% at the flowering stage and fruit enlargement stage, respectively, with the application of
biological organic fertilizer (Humic acid + Bacillus subtilis) as a supplement. The conventional fertilization
rate was used as a control. The soil nutrients, soil enzyme activity, leaf nutrients, apple fruit quality and
yield were measured under different fertilization treatments.

Results:

1. Effects on soil nutrients: Compared with the conventional fertilization of T1, the treatment of reducing
nitrogen combined with bio-organic fertilizer significantly increased the content of total nitrogen, total
phosphorus, total potassium and total calcium in the soil at a depth of 0-20 cm. The content of available
phosphorus, available potassium and soil organic matter increased significantly by 55.23%~69.76%,
47.80%~60.51% and 52.52%~73.80% respectively.

2. Effects on soil enzyme activities: Compared with the conventional fertilization of T1, the soil enzyme
activities in the 0-20 cm depth soil under the treatment of reducing nitrogen and applying biological
organic fertilizer were significantly improved. Among them, soil catalase, urease, invertase and nitrite
reductase increased significantly by 23.58%~45.59%, 56.86%~72.57%, 69.16%~78.23%, and
53.38%~69.06%, respectively. In addition, correlation analysis showed that most of the soil nutrient
indicators in the 0-20 cm depth soil were positively correlated with soil enzyme activities.

3. Effects on apple leaf nutrients: Compared with the conventional fertilization of T1, all treatments of
reducing nitrogen and applying biological organic fertilizer increased the nutrient content of apple leaves,
and the phosphorus, calcium, and magnesium content of leaves were significantly increased by
22.48%~33.20%, 30.02%~51.74%, and 8.98%~18.88%, respectively.

4. Effects on apple fruit quality: Compared with the conventional fertilization of T1, T2 and T3 treatments

can significantly improve the quality of Apple fruit. Among them, VC content, sugar-acid ratio, soluble



protein, soluble sugar content, carotenoids in peel, anthocyanin content were significantly increased by
19.90%~31.44%,  23.41%~37.11%, 30.14%~37.16%, 14.86%~16.15%, 40.05%~44.64%  and
30.14%~31.77%, respectively; the total chlorophyll content of the peel was decreased significantly by
11.28%-14.22%, and the fruit coloration coefficients L*, a*, b*, C value and h® changed to different
degrees. This study found that the main aroma substances in apple fruits are esters. Compared with the
conventional fertilization amount of T1, the relative content of esters in T2 treatment increased by 4.11%.
Moreover, the relative content of hexyl acetate in esters in T2 treatment was the highest, which was
significantly increased by 78.50% compared with T1 treatment. The contents of other aroma substances
such as hydrocarbons, alcohols, aldehydes, ketones, etc. were relatively low, and the change law was not
obvious.

5. Effects on apple yield: Compared with the conventional fertilization of T1, T2 and T3 treatments can
significantly increase apple yield. Among them, the per mu yield and PFPy increased significantly by
7.94%~10.21% and 7.59%~10.21%, respectively.

Conclusion: In summary, reducing the amount of nitrogen fertilizer and combining it with the application
of biological organic fertilizer can effectively improve soil fertility, increase soil nutrient content and
enzyme activity. At the same time, this fertilization method can also significantly improve the nutrient
content of leaves and fruit yield, significantly improve the quality of fruit, and enhance the aroma of fruit.
Through comprehensive analysis, it is believed that the treatment of reducing nitrogen by 20% and
applying biological organic fertilizer shows the best performance, which can be used in apple planting in
Yili area.

Key words: apple; nitrogen reduction; biological organic fertilizer; soil nutrients; fruit quality
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SR (Malus pumila Mill) et & & 2 FIKE, SPpEs i & 425k 80 24~
B G X o o A I A B R P s, RIS . S A BT 3 2 A
OB (A, 2005) o FrgEAE A ERHSRSE R A X (EEESE, 2023)
FOMURR B B A SR A AE R AE KR B3R 4L TS RME RS . Hodr, DART 5 g5
X AU A NRR MR = XA B E RO =5, WH R, AEEe,
RUSRIRAR, &2 E NN & % (REER, 1989; E#%%, 2006) . IEMRIHACH;
ARAEHE R B AR R e m S R R ek (EZIREE, 2022) o AL AT DAL SER
ARFTTNFE S, DS RS (RN, 20195 &4, 2014) o JLEER, A
X & LR FE AR % MAE T & A G— ek, RARERW RS E B p e
Bl UHAERER I ERA R T, ER T RiE R k. EARE. R
T GRRTZE, 2014) o S EREHAZIEAE S FE RSB, m2Emb, EaiE
FRAERMR IR BIR 2, MRS 4 CRBRE, 2022) .

VA NIERENS L B AR VIR, B0 SRR 0 TE M, (EAEARAE AR R
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+IEARHE (Yunus etal., 2018) , FFAEIREEMRIITUIRIE, WD E GBFALE, 2015),
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MG, WEHSEEYERKKEEER RERMEALIE, JTHZ2EEREH. &
JEKHEEMHCEI & Ry AR S, HIRARBINER, LREEENMN,
TIEIR I AT, R E S, RN EINE (ERESE, 2014; RS, 2016) .
T4, R HE BRI AN EAEY = & ) DTk RIS RGE S, P E s RO T RE S AR
(Yanetal., 2014; Yangetal., 2017) . fESRIEYI=ERERRTIR T, @IR¥E5H
g D AR &, AT Be S A0 e EE, 1 B T FHEM s i . 3R
b PTRRSE R B R R o AIETEAOL A P2 s T mE - & B R EH . 2R
M, WREEERE R, SERE AL E, IACAFTEDR ALK, @] e
A . IR HAGIE 2GR 7 BRI 2T (EAREEE, 20080  &kAE
Yo o S B ARG Y, OO AT RS R AR Y T Bk IR, H
T AR AT R EE e R AN A A A B At A% [ vy BRE AL, 3 B P AL B 2 — A iAo A A 1)
o). anfef 3 A IR A R 2, AR R S AN - B A SRR, RAEYRES 7
PR P 1) o oh T SO () AT R 4R R R AR AR S =, Yl BUIE R 48 B2
—AAATIERAE (Lietal,, 2017) o T4k, ARZ R TAEE 200 T8 546 I s &= it
XPAED) b AT S . 25 KRR F, ABATT A, 3 B> R R A &, AMY
ACAEVED = B RS, A BT SCE R E FR T X — 2548 AUED T BB )
IR, $8& 7 IEEHRA R R, 1 HA BT R IE X RS (175 5%, TR % AR S
Bt 77

1.2.1 FAEREXS 3% 55 57 RS20

Ba BT RER, HEEENE AN B E R tR (S, 2016) .
IR AR EZ U AR, X EA G AR A . A
T, BEHAEY E ORI B TE LA BAE IR LA E 10% (Matsumoto et al.
2004) o AWFFIRM, BEERRMBAHENREIEIN, TIRERE 2 EEFIC, HIERL
PRE, X oviE IR A . TR, B R R R TE I, I 3 PR A I
HAGHE 2 (EREE, 20200  ERFFUR, @R EE, 280 m IR 0 50 115
£ 0-20 cm 2 N BE PR ZE S B S IR R 2 G AR R, i m RN AR
AT 7. AR, B T Dol A B iR 2P, B HIEeaiLUE f
BUaR & AT LR e m, TR AR RIS R$E A (FE5E, 2016) . Jones
& (2009) BFFEARIL, KM ENL (S LI 2R A FEAMHEAEN S &G,
It BRIy e gt A B I nm g . A AN RAS AR SRS R, AT S K
it FH L B % A A L8 078 38 1 . (ZF SRS, 2007) o R HLEREM A
Kok B I FE P B R RUR AN, B e T IR R R ARG 71 CRIUE, 2017).
sk AE (2015) BTN, AMEENER AN TIEAPIA S B IF Ao 4 B .
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MIEGSE (20200 WHFCASH, IR BRI B0 A8 H B A PR . 2% &E
R AW AAE. 2. BB EmAEE . kB (20200 MK, S8R E
REMEL, R X i B> 20%~40%3 BENS S I (44 HIEP AR . & .
PREGEEN, Hoh HIREANI M 2R S22 BN GRS G (20200 i#
A H I R RS, SRR E AL, i D 20% 5 5
fRES R AYURSE. A0SR OEA B R Em. (HAZE TN,
MR AR PR 3G 0, RN 7 e LI IR I BN E AN RE ) TR, #Em sz e AR
K (XFE5E, 20200 .

1.2.2 ®BERFERT LIRS & M Ay =200

Sl v R A LI R AR TR AR B R TR AR I R bR, RBE L
SIS PRI B A 77 J1KF CHSBi, 2022) o 3% it AU, A I o) S me v
Ry, ki sz R R KPR RRRE 1 BB IR H 2% (Wang etal., 20200 . HHf
2% B IR0 S0 A0 AT DA o5 e AL | o AR A S el s R g 7 14 (Wang et al., 2021,
AATIIA ARIX A2 B TR ARt FH 1 [, 5IN T B B3 AR A AN e ik AR KA FH )
ZRENE . XMEIEEROE T RIS S S BRI R B 1, i
TRFEAELIER AR . XA OR T B R R RN S E R R 2 H
[F0, et TIEMR R B ALK, T SERNARESDIE M. thot, X
REALER R IR A I A KSR 7 A M EIR, itk T e A KSR, S
IR AR ETE ISR RIRE ) (RS, 2021) o XIAEE (2016) T8I X% A
AT ZARRIE, W50 R BT 03D a0 P it ) 8 AN 256 4 O - S g v 2k 7 A 25 R
S — PRI R I, AT AL, R R & 10% A B T3 - 5 kg
At SRR EYE . R, GBI > 20% 0], BB S 1 15 BN
B BT . XIZLANEE (2023) BEFURIL, ERFTIEHEE)FEIRN, &EEAEHEE, &
A T LI R A SR BRPEREIR G DA AR RS . AL, I8 RENCD B
M &, EAAT RIEEEE R TE . X AT Al B S e B s D RUIE R, R
AT DA LI PR B B E R, ©F B TR E R LB RS 1A, J
AL JE LIERGE E RIS A, R IR R R 2R RGN, RS R G
A RV 7 ) K

1.2.3 AR MEXE) d B R = E RIS/

EEMMERK KRS, Faod MRS ITER, BB E0 iR
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VR 5 R A 77 B i s (Roeleke et al., 2004) , XA 7454, et
BEAI AR AR IAEEAT R T AR B . DR, SERRCOERREA, SHEDR IR &
KRB EA GG, 1 HAREH R 2015 26 R m,  Ami b AR PR
ERTE Gy, R SHIRI AT R R . RITIE (2018) AR FLLE AR, 15 Wit & Atk
B, W 30% A BRI RCR B AT, it R . WEHE (2014) BEARY, fEHEE
A E B A RIS 30%~40%, AL TAR B H R B A BRAK, 1i B4EREE IR mKC

XIFESE (2019) FRFLR I, HERHIXE TR S K G RERSR:, Wb 20% 7 45 1 ZEAE A
&2, TEAVRSEMSEFR S BRI AEAN R RN, P i I 1 i
B G KRS KRG ERG =M TR fEmikigss (2017) MFARHBHRE, 75—
SERERE P AR, HEEmaies, E_EAEMEHE-E T —@rvaE, HER
BEAS T BNERA R, BRSFER™ . BEBES (2022) WA TKET T EERE
i FH IR FE, HT A R R, & 2L AT DU E R T | ROK ™ AR,
JIE 3k 2 it P oA s R B T S S BN . AR = AR, Ib 25% IR AL
P BRI . X — B OR B E I K= E 3R R,

IR T EZARRIRFHRCR, 85> T IR A A A0 R R R RIS (2023)
PSR BRI SR 50 B, B AEER FE A 5] U IR0t Ak BT R ik = B S SR S o [ 52
Wi, 23 RGERETE, ABATR IR S BNEIRIE 10%NT, JRpk i = 5 A0 5 Skl 13 341k 31 B A
R, RRBWEIH EAMEH . L0k, A ERRED, Bk
SRS pH AE 2 I TR BB s sy, o EUE sk 10%40 35 i) 5 Shs R o 3
o A, EWF IR R B, FRET AU AEACE, EAERE 10%40HE ) AERLFI 23R4
NEAR A7 1304 B T . BIERMEMAEK KB LRHIoER, Bl EIE ey £ K
. B, WMRTEEFKPE S, SFBUEYRCE . #FEHAL TR RS TR,

s EYE K= /. Rk, & S0 ZUIE AL 65 52 = Ve P = S AL T

1.3 [BIERE IR

JEFERE (Humic acid) & —MRIETSEM RS, f5HCRS AR 2. %
b, AT M IRAY 73 R AR BRI B — R IR R SR A WA BT o XA B AE e i
SURIIN )z, DR #E . RALRSE S & TR P B o Bl 5ok, 4588, 4.
W £5. B ERIGRLEY, FORITET . FETERR AR E A URR (1) 40 27 1 Jo A
IR, AERMA = LB A T RN H TS (5085, 2009) o thah, JEIEIRE
T MEA G EEMPIRRRIDTAIIR, BREEARL N2 H 73 AR, E
ERE R, A AL, ST RN R X A EIR (Fulvic acid)
FEIEER (Ulmic acid) K BJERE (Humus acid) Z5ANFZEA (XAEHE, 20200 o JEFEEE A
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TV TRIE. BTSSR E VR DR A B AR 2 R, X e S R A A
T FEIR BE WS A5 1L S A7 18] EAT RO T L3R pH A, JF BT IR R &,
M B S BRIP4 (3 ik, 2022) o JRTEIRE & 2R E R, HABORME 7
BN TERE . X HAE IR ORI R, REV A BRI LR rh R 15 &
BETT R IR BT R M. BeAh, JEIERGE REFR R B e 1, FRRA. W #1X
=RORHEE TR A R IR R B ROCAT AR . VTR, IR AR B
NESEREE R, T LAk R 38, RIBHE AR oAb, JRIERRSKIE 2, ZaelRE, JF
XA (CEHERE, 2023) o JESERRIF N — R AP UL, A e 5 08 e ey
RE A ROEA I 7R 70, $ETHR. B HAEE IR RMAHIAGER . Ak, JETEIRIE
REA Re it LI XS O . VER . AR AR E R GRS BRERE, Wik
BEFAC AT VERE , DRk AR 5 K & R 2R 0508 . IR AXE B TR
SERIIG R, LR R ERRTI RS SRR AN, RIEHRA S AR AULIE R, %R
VEIRR AR BORPIRGR I, AR AR I I A A i sh IR e N RE R SCRF (XISCA, 20225
ML, 2019) o JEFEIRICAE(et LIRPIRI S LR, ) AR Sl R T 254, 52
Wk oy BT, TS S 7 Be R s KPR, $E 1 R ORAE K ALK R RE AT, b T
FEAHIPR, KT LIRMRE S BERIT A CUAERE, 20200 o BRICZ Ah, JEFHRRICH &
DA L3ELhf . BN 3R Rk e 0 DA Kt ve IR SR PERE A BE T

1.3.1 ErEmEx T1EFR RIS

FERME AR & G, MES{EEDHEED & EIm, MRk
PR, RS BRACAEAR R XK, (LI R TR BRGNS R ™
PTG Jeinl @ RSOk, 2023) o TR ER AT LAZESE A IR R A G R R, O]
DA AL AR XS I A IR B SR T sE e, TSR IR . BRI, A BRI A R
TocE R, PSR S I, ORI R R Y (BKENAE, 2023) . K
BHARY, SR —EERAEL, EHERILE R T 2 SCEER PR LIRS Tabs, i
M HIEALE I T, (RIHMEMAEKRE (RIKFTEE, 2023) o ZFEWNE (2018) 7E/)
P AR R R B A S R IR R A R R R R, AMSEIL T R IR R I Eh R 2K,
Rl fER AR bR A A AR BT B A R AR, BO 84 il 5 i 2 il
EH T 54.7% 19.6%, T HSZHL 17— IRl AT 2 2 52 /N 22 e AR b LR R IR it
L5 P AR P BVE R, W2 T/ S B AR TR, a7/ FisEY =
RUFFRL = Ko A WF 90 R I FE R IR v DA 35 s R Ak 3 s otk . AR T
U3 R B, e P PR B R T AR PR, b R A LB . (R,
2019) . IXULZERUREY, SRR T L . SE LI ) B AR ARAE A .
AR (2019) HF 7t B F i - FoE A 1 28 o5t 1R 77 k2> 33 S 4 R A A A I B HE s 7
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T T 5 ROR o [RIIN, 220 JE A R v R VD ot 3 RE 8 (e 0 3R ) TR FRL 6 7%
BEM T FRAFRLR P2 8. skERSE (2002) MIBFFURAA, RS FE IR mT $ ) 3l 22 1
FZR o SR PR AL I I 3857 0 A 28 07 /R 828, B B 2 i b at A AR 25 3t (Li
etal., 2020) .

1.3.2 [E5ERR XS T IRERE M AV S2 0

JEFEIR R A R € IRRIE S, REVS AT RO A0 B AR % 1% (Pinton et al., 1999).
UEAh, JRIERSA RERI IR (s, Wi sE i EY - . EAFRE KRR T, R
BN — R AL, R DAt b s S AE VRO SRR ARG, Wi 38 s AR g
RERIRITRE ST GGRENSE, 2023) o JuffISE (2022) WFFURMEBMMEL RS, €
I EH 6% IR i BN R A ARSI E R A8, Revs & & 3R L IRme i 1k
B ERERR B, R SN A LR S A R R R S R L SRR S R
PP IRTTRORAEE LA I RE OB SRR 5, o B R 2 AEAE SBOABURI AL R B 2
o EALIELE M B IHIR E AL, T DU OR SRS R A TR B AR E KT, R
WA R BRI AN L8R SRS RETHIR MBS, T IEHRE S LR Bl
BN LR E Y R . RS IR E IR B AEREBS E (RI= 2, 2011) o (A, JEGE
B RE R TT LI P AR AR SRR R, 0 3 S R S BRI

1.3.3 [BERIIEY SRR A Z=EHE N

JEERRFE R TR R IRARKE, A H R EERIE v] LA 3R X 77 23 (1R
W, $&Er~&E (Sunetal., 2019) o JEFARRH V& Y0 Ge 8 (2 E R A4 N 157 50 T
AU, SEIE RN GEER . TR E R S &, SR M. &Y
Jit P 65 5 B R P DA g 2R 3R C IS SRR SR B, s AV E 7R I0ME
AT TR It S T R e SR m A e R R S R RHDGETER, SR 6 kg JRTEIR
HEAE P B EE T IR = 10.8% (EB2%, 2015) o N S8 i Fa R e RHMIE HERR AL R B0 B
BRFEL BV, B AR AL R B, W AR B A A BT 2250 kg BARAE = B (£ 145, 2015),
TR (2008) WEEIRE: (R 2kg) « JEAMRET CRERT 15 ke)fiti N /KA H /K F5 7
OGN 6.1%. 1.5%, KFEHHEIRE 2 BIFEAE 5.7% 2%. ~FFRFESE (2017) RIUETE
R mT AP iy SR B, 4 SR AL A e I AT R R 2 8. BRARR A EEE . XTI
% (2023) RIGHBEREAIEE, AN E. MRS EAREERES. 35,
SIS R BT, MR, RN T 36.5%. fEMHERIERE SRR,
B TR ) 7 P B RE S 8 2 B TSR A = A 3. (Riae s, 20200 o Rk, & it
F B RRERL AT DL ZF IR . B KRS RN &, SGEIEYMIT, femaeis



