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Effects of Chemical Fertlllzer Reductlon Substitute w1th Orgamc Fertlllzer on’ Sml
Funetional Mlcrobes and Lemon Yleld »and Quality ( j

o
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Abstra t: To (clarify the effects of non-rhizosphere/ rhlzosphere Goil flnctidfal nnLrobes (‘nitrifiers, denitrifiers, and phosphoms solubilizing microorganisms ) on lemon yield
andquality, the lefnon aofruit jand: non-thizosphere/ thizosphere soil Werg| selected" as subjecls To explore the correlation between non-rhizosphere/rhizosphere soil functional
microhes and letonyield and quality under a chemical fettilizer reduction=sistitute with organic fertilizer, traditional fruit quality determination and multiple molecular
techniques were used. The results showed that: (0 30% chemical fertilizer reduction substitute with organic fertilizer increased the nitrification intensity and phosphatase
activity bt effectively controlled the denitrifying enzyme activity. @) The chemical fertilizer reduction substitute with organic fertilizer significantly decreased the abundances of
nitrifiers and nirS/nirK-harboring denitrifiers and significantly increased the abundances of nosZ-harboring denitrifier and phoD-harboring microorganisms. However, the
diversities of functional microbial community structure did not have clear regularity under chemical fertilizer reduction substitute with organic fertilizer. ) Compared with that
under the application of chemical fertilizer and organic fertilizer alone, lemon yield and quality were the highest under the 30% reduction of chemical fertilizer substitute with
organic fertilizer. (@) Nitrogen and its related microbes significantly affected lemon yield through internal and external quality. Phosphorus and its related microbes affected
lemon yield mainly through internal quality. In addition, the influence factors of non-rhizosphere soil and rhizosphere soil on lemon intrinsic quality were obviously different.
Altogether, these results showed that the 30% reduction of chemical fertilizer substitute with organic fertilizer significantly affected soil nitrogen and phosphorus functional
microorganisms and further improved lemon yield and quality.

Key words: chemical fertilizer reduction; rhizosphere soil; nitrogen and phosphorus functional microbes; lemon yield and quality
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Table 1  Total fertilizer volume of each lemon tree in different fertilizations
I/ g JE AR Bt LA M IeR
b
TAEALIE 53 R Uz /g /kg /g
Xt IR AL PR (CK) — — — — — —
FEGE RN (FM) 204. 35 450 73.33 — — 21.6
JEAFEFE(P) — — — 11.62 — —
HEERE IS (NP) — — — — 12. 41 —
70% TEIE +30% J&§ 2% 3% (T0FP) 143.05 315 51.33 3.49 — —
50% FBAE +50% JiE #3536 (50FP) 102. 18 225 36. 67 5.81 — —
1) “—" FTRZI R IR A 0
DIReUE YR vE AR R E . MO E R S) . WA IR AL (efenness, J') | & K- EEZM’%&
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amoAF . Arch-amoAR) B2 nirS/nirK ( nirSCd3ak/
R3cd, n1rK876/n1rK1040 ) L2 =27] J nosZ ( .nosZF
nosZ622 ) P M phoD  ( phoD)- F733/p"h9D P
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Table 2 Physicochemical properties of soil under different fertilization treatments
i H i we w(S0C) w(TN) o(TP) o(TK) w(AN) (AP) o(AK) w(NO;-N)  o(NH,-N)
i3 P /% /gkg ™! /gekg ™! /g+kg ™! /gokg ™! /mg-kg ™" /mgkg ™! /mg-kg ™" /mg+kg ™! /mg+kg ™!
CK  4.48£0.003e 20.29£0.11he 3.54£0.0de  0.46£0.00e 0.23+0.00e 3.81+0.16d 80.66+0.50d 6.25+0.06e 138.53+0.28¢ 7.22+0.11b 5.24+0.02d
M 4.28+0.002f 15.83£0.184 4.170.01d 0.79£0.00d 0.25+0.00d 6.91£0.15¢ 97.10£0.43a 12.66+1.21c 155.08+£0.22h 19.98+0.29a 16.62 +0.83a
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T0FP 4.89 +£0.002d 21.57£0.33b 5.46+0.06c 0.97£0.00a 0.38+0.00b 7.66+0.13b 98.94+0.06a 21.61+0.90a 151.02+0.25¢ 20.47+1.81a 14.62£0.50h
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Fig. 1 Differences in soil enzyme activity under different fertilization treatments



1772 b7

oo 44 %

- 8 v i I O 4 Y R R 13,23 ~ 20. 43
pmol « (d-g) 5 TR R it 7% 1 31 1 Ry 22. 25 ~
31. 84 wmol- (d-g) ~". Wk il iR i 6 1% 1k 5 1 A
T TR ARG A i S Ak L 2 308 = 348 i A AR s - w1
FR B 1, Horp SOFP b P I i 509% B 4 AR il 75
P 17 NP AZLFEFN T0FP AbFH & 238 AR PR 4 At %
PRI M. 5 CK &b BEAH Bb A, A8 7 i i Ak 28
(FM ., 70FP A1 50FP &b B ) & 2 38 =k AR Br + BR P
AR Wt % M T P AL BRI NP &b B I 25 sk /0 R P
BRI . TOFP &b BN S0FP Ab 3 5 22 14 hn k2 b +
PR P Wl 2 it T
2.3 A[F AL By Re S A PRV I AR Ak

AN (Rt AE A B ) BB 9 3 B Y 25 5, A& 2.
X EA A DI REUE Y, AOB 1 3= B2 i [
(LLFE31) M 4.74 x 107 ~5.22 x 10° copies-g ™' ;
AOA EFEERI (LI 111) A 2. 14 x10° ~2.70 x
107 copies-g ™', AOB [=E & T AOA. NP ﬂ‘f@ﬁ%
SN AOA ZEJE; i SOFP b 3 9 % 6/ 4R B +- o
AOA FJFFE. FM Ab 38 i 538 fin AOB =E &y A HLAE

I Ak 2R 2 AR AR PR - AOB ET'HEBZ ﬁﬁfyi i

ﬁéﬂcﬁfﬁﬁ E’nylﬁ“%kwli% SHE S ﬁlif“ j} : 082 > ,n*’rs
> miK. ﬁﬁﬂﬁﬂl‘;‘fﬁﬁ' nirK 3 K 3 B E’J—-g}u ﬁ%
SOFP| A3 G/ Ul 4 nirS 3 P £ 0 SQFP Ak
ﬁﬁ%ﬁmmg%lM¢%$Fﬁﬂﬁm5£l

/ﬁﬁz¥1ﬂ$%éﬁ$ﬁ SOFP b9 5325 1N phoD %ﬁ/,

ME%E’J@’% ,ﬁ\o’t% FM &b 3. AT, P b
a%ajz/l\phongl{ﬁ@*1;£¢%ﬂﬁ$f“ iy bR Ak

OoCK FM mP NP = 70FP m 50FP

g [FREE a
8 9.0+ ab:!:: bb hdcv’.‘u
g— 85 c =
2 L I
H ab Bk a a ada_a mdd
w70 .d,?’ti“ od B azg? I
= 65¢ =Nd |
= 60 I
# 55}
=50
AOA AOB nirS nirk nosZ phoD
9.0 F baddga b b,aby, a
gs | WEE Pozl? ;Eﬁ:"
8.0+ a b a
75 tb ab?
70| e aa bb ,fd i
r3

le(EHE (AT Lt Vcopiesg™!

I

AOA AOB nirS nirkl nosZ phoD
I f P Ak IR e 1Y
ANTFINE FREFR IR AN R I AL B R
FEP F B 22 57 (P <0. 05)
E2 AEERLENGEMEDEEEFENER
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Table 4  Yield and quality of lemon under different fertilization treatments

o WlE R SRR
BE e oUTRHERS) ofEH) oCRERO o(8M)  MiPE RRE REEE AEKE WEKE ..
/% /% /mg-(100 g) ~! /% /% /8 /em /em /em

CK  27156.15+325.8e 5.10£0.06de  3.02+0.01c 18.85+0.40e 2.91+0.07f 36.18 £0.45d 129.82+3.72d 0.53 £0.02¢ 6.90+0.38¢ 5.50 £0.40e 0.84 +0.02¢
M 32317.65+387.6bc  5.23+0.03cd  2.90£0.00d 20.13+0.08d 3.29+0.15¢ 38.49+0.29¢ 165.84 +2.86¢ 0.57 +0.02d 7.07 +0.33d 6.03 £0.35d 0.85+0.00b

P 31834.80£381.9cd  5.30£0.25bc  3.11£0.00c 17.75+1.08f 3.65+0.04d 41.26 +0.65a 183.67+9.41b 0.78 £0.02b 8.34£0.23¢ 7.07+0.49¢ 0.90 £0.05a
NP 30819. 15 £369. 6d 5.10£0.06e  3.51£0.00a 20.44£0.80c 3.73£0.0lc 38.11£0.50c 194.74 £1.98a 0.74 £0.01b 6.87+0.12¢ 6.37+0.20d 0.85 0. 04b
T0FP  35947.35 £431. 1a 5.67+0.18a  2.90+0.02d 24.51£2.13a 4.34£0.02a 42.07 £0.60a 196.80 £4.31a 0.82+0.06a 9.03 +0.64a 7.93£0.17a 0.86 +0.01ab
S0FP 33 366. 60 £400. 2b 5.470.35h  3.42+0.05h 22.40+3.31h 4.12£0.07h 40.32+0.34h 185.27 +1.56a 0.77 +0.03c 8.67£0.43b 7.56 +0.10b 0.89-+0.00a
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