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Correlation between the soil microbial biomass and yield and quality in

Kuerlexiangli pear orchard with different nitrogen application levels

MA Zeyue', HUANG Zhan', CHEN Bolang"?, Miriguli - Aishan', CHAI Zhongping"*
('College of Resource and Environment, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China; *Xinjiang Key Laboratory of
Soil and Plant Ecological Processes, Urumqi 830052, Xinjiang, China)

Abstract: [Objective] Nitrogen is one of the most active elements in soil fertility. Excessive applica-
tion of nitrogen leads to decline in fruit yield and quality and reduces soil microbial activity. Soil micro-
bial biomass represents the active part of soil nutrients and is considered an important indicator of soil
quality and ecological function. Application of nitrogen fertilizer can affect the growth and metabolism
of soil microorganisms, which invariably affects material conversion and energy cycle of the whole or-
chard ecosystem. Subsequently, growth and development of the aboveground part of the plant is affect-
ed. Understanding of the correlations between soil microbial biomass, yield and quality under different
nitrogen application rates are important to realize efficient nitrogen utilization for the sustainable devel-
opment of fruit trees. However, few in-depth studies on the correlation between soil microbial biomass,
yield and quality under different nitrogen application rates are presently available. This study investigat-
ed the effect of nitrogen application rate on the yield and fruit quality of Kuerlexiangli pear based on
soil obtained in orchards. The correlations between nitrogen application rate and soil microbial biomass,

yield and fruit quality were analyzed. The optimal nitrogen application range for improvement of Kuer-
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lexiangli pear yield and quality was recommended. [Methods] Soil from a 6-7-year-old Kuerlexiangli
pear orchard was used as the research material. Four nitrogen application levels of 0, 150, 300 and 450
kg - hm™ (expressed by N,, Ni, N, and N3 respectively) were used. Soil samples were collected by soil
drilling method at different growth stages of Kuerlexiangli pear (fruit setting period: June 1*; fruit swell-
ing period: August 1%; and fruit ripening period: September 15th). The fruit samples were collected at
the fruit ripening stage (September 15th). Soil microbial biomass carbon (SMBC) was determined with
fumigation extraction volumetric analysis. Soil microbial biomass nitrogen (SMBN) was determined
with fumigation extraction ninhydrin colorimetry. The yield per plant was the number of fruit per plant
multiplied by average fruit weight. Yield per plant was used to calculate yield per hectare. The content
of soluble solids was determined with a hand-held refractometer. The content of vitamin C (Vc) was de-
termined using 2, 6-dichloroindophenol method. Total acid content was determined with acid-base indi-
cator titration according to the national standard (GB/T 12456—2021). The content of stone cells was
determined using frozen H,SO, treatment. [Results] With the increase in nitrogen application rate,
yield, soluble solids, V¢ and sugar/acid ratio increased initially and then decreased. The best effect was
observed in N,. The total acid content decreased with the increase in nitrogen application (No>N,>
N,>N3). Yield, soluble solids, V¢ and sugar/acid ratio were positively correlated with SMBC and
SMBN in the three stages, and negatively correlated with SMBC/SMBN. Stone cells and total acids
were negatively correlated with SMBC and SMBN, and positively correlated with SMBC/SMBN. Re-
gression analysis of nitrogen application rate and SMBC/SMBN with yield and quality showed that the
interaction between nitrogen application rate and SMBC/SMBN was strong in effect on the yield, solu-
ble solids, Ve, total acid content and sugar/acid ratio, especially at the fruit swelling period. [Conclu-
sion] The yield and fruit quality of fragrant pear increased with the increase in concentration of nitro-
gen within certain range. N, treatment was the best level. Excessive nitrogen application reduced the
yield and fruit quality of fragrant pear. According to the results, application rate of 300-380 kg - hm™ and
an SMBC/SMBN range of 9-15 were recommended for 6-7-year-old Kuerlexiangli pear orchard.

Key words: Kuerlexiangli pear; Nitrogen application rate; Soil microbial biomass; Yield; Quality
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T RB B BL A2 4 3 (E 86°07'12" , N 41°40'28" , iff 1k
902 m) AT , 56 b A W e KB Ve T R A E . 1%
i [X AR 240 10.5~11.8 °C, £EF# R & 50~55 mm,
A 1) H I8 I %0 2800~3000 h, H R & 45 5 & 5700~
6400 MJ - m™, 2R 4100~4400 °C , o565 #1210~
239 d. iAEHL N E A L LR AR, JFFED
14.11 g-kg', DR 205 & 53.82 mg - kg™, A 2 & &
22.75 mg kg, M S 217 mg kg, pH=7.84.
1.2 Rt

RIS AE 6~7 A PR /R M 2 AL b ik AT , BRATEE N
2 mx4 m, 1125 Ffehm?, % BUAE KA B K AT
HLIE W 25 B 36 MR o ARIE BT R IG5, W
44N it K AR 43 ) R No— A il 0 N— IR A
B N—HEEMN—mRE, ZEHE LR,
BRRON1TIRER ,9REL.
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Table 1 The experiment scheme with different amount of

nitrogen fertilizer

kb 7745 FE Quantity of nutrient application

Treat- Ny PO/ KO/ N/ PO/ KO/
ment  (kg-hm? (kg-hm?) kghm?® (kg-plant’) kgplant) (kgplant™
No 0 300 75 0.000 0.267 0.067
Ni 150 300 75 0.133 0.267 0.067
N, 300 300 75 0.267 0.267 0.067
N; 450 300 75 0.400 0.267 0.067

B No AL FH AL , e 4% 5% 40 28 e FH BUIE s B (SR &R
BN 46%) 11 60% T SA i 25 B J L )it , ) 4% 40%
AL 6 A1 HEE . BEAECET R &
P,0s 46%) F1H AE (Bt FR A - 75 KO 51% ) 75 H % Hil
AR o FE AR 3B AT SR F PR VA vk (B AR
TR 3 50 om 17 B AR T2 B AN TE FE 10N 30 em I FR
ARVED 5 4/ b B A it FH AEURL A S S 47 L B,
[F) Kb 38 P SR A 3 g SR R — B
1.3 H@mEESLE

R 5T 2020 4F 1 A AL AL FEIA [ Ol AR /TR
£6 H1HLVERMGH 1 H) JR#IHO A 15 H)
KA, RLHE T AHBLRAWIO H 15 HOREE. Xt
5 A3 1 SRR ST R R SR SR, B R SR S R
08 [0 S BT S . 7R R ARV B, 25 R

R IR G, RAE 3417 (0~20.>20~40. >40~
60 cm) LR, SRAF IS AEAN AL R AL 3 MR R 1 LA
EPR IR BN, B8 S I 3 9, WIE HEAT HS 14ER
G R T A B AR BB R, BN UK
PREEF R IZ B LI = . IR S E 5 R Ak
PRk 2R A H 5 B (2 mm) FE S1TR A K A
T2 A, — T 4 CCOKFEORAF , T LA v &
VR IE , 5 — =N R, 1 T mm 57, T+
HERAL AT
14 MEFHZE

IR YD & K (soil microbial biomass carbon,
SMBC) HJl & K ] B & SR - B Midk s 3R
Wy &% (soil microbial biomass nitrogen, SMBN) {3l
5E K FH BB 78 SR -2 = L (0

SMBC (¥ i+ 5 A 2 A : SMBC=Ec/kec. 21 Ec
NEARGREA LR, ke N4 R AL HUE
0.38,

SMBN 1A : SMBN=mEuxo 2 Eninx

FURR T E= R A S S O B LT

PR hm B R B H PR BN EA

AL [ T A 2 A T 3R R A e s 4
ARCEERM2, 6- EEMEN " RS E
28 GB/T 12456—2021 € £\t % 4= [E K br e £t h
ST (RT3 I 5E 5 A A L R FH VAR HaS O, b B
TR 2 5 HERR bl= Rl B SR
1.5 BURELES S

54 Excel 2019 22 5 , {1 F SPSS 26.0 #E4T
TR R S R AR T, DL R
75 #253 HT (One-wayANOVA) . Kl i /N i 2% 2 5
155 (LSD) BEAT AN [F] Ab 3 18] (19 77 22 3 A Al 22 E L 3
MK %N 0.05, 45 R DL CP B E AR R &
718 » K Excel 2019 7E K.

2 R

21 MREMERNERTENTIN

W1 T, B8 RNt & 1 38 m, m SR
FRR P DL R T B R BN e B S vk b 1 2
PRI N,>N >N, >N, Bk & DL B &
B b B B A7 AE 53 22 5 (p<<0.05) , £ it AT Ak 3 ) 2
R R KT NAEEE (p<0.05) 5 BLRRF“ HAEN,
ARFE R f NG NG AL B & 1G0T 8.75 kg 5.57 kg,
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El1 REANERHERRL~ENFI
Fig.1 Effects of nitrogen application on fruit yield of Kuerlexiangli pear

{H NS AL B N AR ER D/ T 2.45 kg s i 7= B3R 0 H AH
[ 3, 75 N AR B N ey 58 NoW N AR B AR b2y 1) 386
T 162.28%65.81% , M N, &b 3 45 N, 4k 2 AH Er )
WD T 17.30%. FRBALEGHE A EUIEIEH 2 TEE N,
7 o il A It FH = 1 3G i 3 o, it 2 A
JE it P 2 B0f B A P b o
22 MREMERYERGERAENM

W 2 B B 2R it FH = FR 388 o, w1
Ve AR C(Vo & & WEIR LU 3s S I H a3
JE IR A H RN N,>N>N >Ny Al
P& BAE N AL R 5535 3 T NoWN AR EE, BN,
N AR F 3 4 51 31.11%12.22% (p<0.05) , 1fif Ny 4b
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Fig. 2 Effects of nitrogen application on fruit quality of Kuerlexiangli pear
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Table 2 Correlation coefficients between soil microbial biomass, fruit yield and quality of Kuerlexiangli pear

TR EHEM FEHE AEMERY SR dERCERE aE )ik BREE Bz LG
Index Growth stage Yield Soluble solids content Vitamin C content Stone cell content Total acid content Sugar-acid ratio
TIEBUE R A AU 0.682"  0.650” 0.443" -0.443" -0.409" 0.550"
Soil microbial Fruit setting stage
biomass carbon, g g s 0.637°  0.618" 0.519" -0.229 -0.269 0.373"
SMBC Fruit swelling stage
A 0.492  0.384° 0.620" -0.356" -0.389° 0.406"
Fruit maturity stage
TR R AR 0.571"  0.544" 0.506" -0.073 -0.618" 0.549"
Soil microbial Fruit setting stage
biomass nitrogen, -y g sy 0.689"  0.706" 0.516" -0.257 -0.411" 0.521"
SMBN Fruit swelling stage
B 0.636"  0.662" 0.437" -0.391° -0.328 0.463"
Fruit maturity stage
TR R AR -0.287 -0.283 -0.313 -0.117 0.514" -0.340°
LGP Fruit setting stage
Soil microbial g, g sy -0.492" -0.543" -0.346' 0210 0.330° -0.430"
blo-mas's carjbon/ Fruit swelling stage
Soil microbial -
A -0.371° -0.446" -0.186 0.244 0.072 -0.239

biomass nitrogen, " .
SMBC/SMBN Fruit maturity stage

W AR 0.05 UM GO AHIGIELL 35 5 #*. E 0.01 40 (RURD , HPER R 25

Note: *. At the 0.05 level (two-tailed), the correlation is significant; **. At the 0.01 level (two-tailed), the correlation is extremely significant.
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BRI B RS IR A E 2 R
. UL RIRE Y E R S — e R T AR
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LN

24 BEFE.REMERE I

¥ B R B A AL = R R O) H il R & GO 3T
B 4T, A G T RE (R 3) . IR RER.F
fH p A B K R R KB, T 5L 77 B Ay ok
[ T4 5 5 it 6 o R P 28 TELAE P B iR, R B AT
AR EER RO SHARRKN AR, @
77 AR 1R RS f A e U 355.43 kg - hm??, BT
5778 N 14 376.83 kg - hm™; 38 3 J5 F2 2 f 2 PR 8 I
At S 5N 318.33 kg - hm?, fIT#3 & ALl i M [E T 4
TEWN13.87%.
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Table 3 Regression analysis between nitrogen application rate and yield, quality parameters

=) N ). R N 7l [i R
W BER WA SHMARR py REACE IRRRCR

. L . Multiple correlat- Significance Adjust the correla-
Number Dependent variable Fitting equation . . F value . .

ion coefficient, R level, p tioncoefficient, R,

1 7= Yield 1==0.070 4x’+50.045x+5483 0.689 22.146  0.001 0.658
2 Al A ME[E 44 & Soluble solids content y=—0.000 03x+0.019 1x+10.833  0.696 22.903 0.001 0.666
3 #4423 C & & Vitamin C content »=-0.000 008x’+0.004 9x+3.911 8 0.266 3.629 0.086 0.193
4 F 2 Stone cell content 1=0.000 001x°-0.000 7x+0.3862  0.107 1.202  0.299 0.018
5 JMiR & & Total acid content =0.000 003x’-0.002 4x+0.989 1  0.523 10.983  0.008 0.476
6 BHIR L Sugar-acid ratio 1==0.000 08x’+0.071 9x+11.454  0.668 20.131 0.001 0.635

25 FE.mRMEENTIEMEMERE LY
Mia] jsz

L % B A1 SMBC/SMBN N [ 48 &, DL JR 8
AL O R B ST R HE R (R 4. ]
PIA KRB R FH B35 7K p L REAH G &
K R.15 3, Jiti 5 & A1 SMBC/SMBN 7£ 5 i 75 £ 7=
B A E Y S R Ve S R R IR S R LR
bl B 22 F AT FH B 58, 32 EER AR R R

MU HAR PR R, TR LS R R A
HAE N7 E ()14 35547 kg - hm?, Jifi & (x)
352.76 kg-hm?, SMBC/SMBN (x,) 11.05; J5 2 2 /1 %%
R A AN 758 ()14 360.30 kg - hm?, Jifi 2
(x1)352.90 kg- hm?, SMBC/SMBN (x,)9.84 ; J5 % 3
R A A N 78 ()14 738.63 kg hm?,
i 8 5 (1) 332.48 kg -hm?, SMBC/SMBN (x,)15.16.

DAt B N 250 BRI, J5 8% 5 vh 2% DR 3R ) e A
HE Ny WEPE BT & & () 14.06% , it 2 & (x)
336.15 kg-hm?, SMBC/SMBN (x,)12.79; J7 £ 8 H1 %
KR MR AEH G N : Ve &8 (1)46.36 mg- kg, Jifi 4
& (x,)281.89 kg - hm™, SMBC/SMBN (x,) 8.76; J5 &
14 R &R RN REHE N : DR EE(0)0.51 g-kg's
it % 2 (1) 376.82 kg - hm™, SMBC/SMBN (x,) 11.31;

TIFE1T RS R R R AEH AN FERR L (0)26.34, i
&2 (x1)393.84 kg-hm?, SMBC/SMBN (x,)12.67,

3 W ®

3.1 HMRAMERMER"E. MR

T 78 R I 24 IRt FH & 300 kg - hm* B, JE /R
&R B, (R 2 0 EUIE it 2= 2 S A AL
PRI . A RS R A T s A ALY, 7R
SR A T SR 7 e v LI 2 1 RO e
AFITF ARV =23 0, A2 BB it A 8 UIE i & 2 1
FEIR A RUE KR B i R s 250 B, vk A K
TN K 51 RE IR KA B AR AR KRB K
SRS T A R Y

RSl VAP E T Ve A 4 SR A & DA R
PRI L S5 4 A 2 187 2 S S A AR R, LR
SRR LU A2 VT B SO VR o LU I R AR, B
SO VR 0T o AT 538 B i A e St 35 T AR s
A EETEY S 2 m Ve B & IR S &
P 1 S SEIRE R LU, %o SR S R B A AR E A
RE T S5 SR A S i) R . B T S
FEA B 00 Bl A o9 R s 5 U e A R
FHIG, HR I N AL HE T o508 O & i, 5 &t
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Table 4 The results of the quadratic polynomial stepwise regression between nitrogen application rate, SMBC/ SMBN and

yield, quality parameters

B o E*H?%?:i& Pl BT uﬁ%ﬁ%%ﬁ
'S ESy=p A TTHE Multiple o Adjust the
Number DePendent Growth stage Fitting equation correlation Significance correlation
variable . value level,p .
coefficient ,R coefficient, R,
1 PR LLPS ] =9 441.534 3+50.971 6x,-737.862 Tx>— 0.690 36.704  0.000 0.671
Yield Fruit setting stage 0.072 7x,°+32.902 1x,>+0.030 6x.x:
2 i S =9 328.792 3+50.086 5x,~773.838 8x,~ 0.690 36.776  0.000 0.672
Fruit swelling stage 0.074 1x,°+35.237 4x,>+0.228 3x.x;
3 RS y=-1182.028 3+66.910 3x,+632.726 Tx,~ 0.700 38.459  0.000 0.682
Fruit maturity stage 0.081 5x,°~11.646 4x,"-0.840 7x.x,
4 IR CATRALE S y=11.052 7+0.019 0x,-0.056 4x,— 0.697 37.901  0.000 0.678
JEW) & & Fruit setting stage 0.000 03x,*+0.003 1x,>+0.000 02:x x>
5 Soluble iz SR A5 y=11.495 0+0.020 2x,-0.127 x>~ 0.705 39.435  0.000 0.687
solids Fruit swelling stage 0.000 03x,>+0.005 7x,"-0.000 05x,x>
6 content IR y=11.113 9+0.019 4x,-0.034 6x,~ 0.729 44.377  0.000 0.713
Fruit maturity stage 0.000 03x,*+0.000 9x,"-0.000 04xx,
7 e C AR 3=2.930 1+0.011 5x,+0.131 2x,~ 0.292 6.812  0.003 0.249
TR Fruit setting stage 0.000 01x,*-0.004 0x,*~0.000 6x,x,
8 Vitamin C i L4 y=5.377 7+0.001 4x,—0.214 2x,- 0.271 6.141  0.005 0.227
content Fruit swelling stage 0.000 01x,*+0.007 6x,°+0.000 3x.x.
9 IR y=2.415 7+0.006 3x,+0.151 8x,~ 0.267 5.996  0.006 0.222
Fruit maturity stage 0.000 01x,~0.003 1x,+0.000 03x.x:
10 2B B AL TR =0.604 6+0.000 1x,-0.029 Ox,+ 0.160 3.151  0.056 0.109
Stone cell  Fruit setting stage 0.000 001x,°+0.000 9x,"-0.000 07x;x,
11 content 223 ] y=1.432 2-0.002 6x,-0.151 7x+ 0.108 2.008  0.150 0.054
Fruit swelling stage 0.000 001x,*+0.005 3x,"+0.000 2x.x>
12 IR =0.672 4-0.001 5x,-0.029 6x.+ 0.128 2424 0.104 0.075
Fruit maturity stage 0.000 001x,*+0.000 6x,"+0.000 06x X,
13 MgeE AR y=-0.008 8+0.000 8x,+0.087 5x:+ 0.616 26.506  0.000 0.593
Total acid  Fruit setting stage 0.000 002x,°-0.000 3x,-0.000 2xx,
14 content 23 ] y=—1.843 8-0.001 5x,+0.465 5x,+ 0.531 18.689  0.000 0.503
Fruit swelling stage 0.000 004x,°-0.018 4x,-0.000 1x.x;
15 RS ¥=2.399 3-0.005 9x,-0.130 Ox.+ 0.555 20.536  0.000 0.528
Fruit maturity stage 0.000 005 6x,"+0.002 3x,+0.000 2x,x,
16 BEIR EL A BRI y=35.271 6+0.015 2x,-3.149 9x,~ 0.676 34.483  0.000 0.657
Sugar-acid  Fruit setting stage 0.000 07x,+0.093 3x,+0.004 7x.x,
17 ratio 23 ¥=36.937 4+0.094 1x,-4.594 8x,— 0.669 33.346  0.000 0.649
Fruit swelling stage 0.000 1x,°+0.194 8x,"~0.000 9x.x,
18 AR y=—13.650 8+0.138 8x,+2.349 2x,~ 0.669 33363 0.000 0.649

Fruit maturity stage

0.000 1x°-0.042 1x,"-0.003 4x.x,

RN P& 50K Es RAR
AL, B8 T A R, SRS SR i AR R B S 1 K
FEALR » [ P Ut P e 2 50468 R s v vy s P ] 7
AR £ kb R  E R T e, S EUR S
JRFEAR . AT fE A2 PR 9 RUIE it P 3o 2 85046k A HEE
B S B SR UL RO JR A A5REE 2%  [F) IR R PR [ 1 T
N FE AP 2 B, i 2 R EURSE
Hh AT [ T RO S Y. A E IR, 1

Ik H 5 A 3 S B 2 L N 20~60 , B R b B & 1wk
TR TR LA s o R At e AN 90 N, N it AL
Ab TR (1) S SRR IR EE 43 0 9 27.11.27.03, KURAR R
No N, it I Ak 22 1) 2R S R B 43 0l o8 13.27.17.73,
PR AR -
32 TEMEVMESERIHERTE.REMHEX
PES

IS AHSCHE M R B, AL ' RN R
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H WA #5232 31 SMBC Bk SMBN [ BLR: 5400, B 4112
MFTEENSIRAAR R T8 T E Y & & .
BE IR L 5 1 3 1 SMBC/SMBN &£ 8 & 2 61 A 5%
(p<<0.01); Ve ¥ & 5 % X 5] SMBC/SMBN &£ i} 3%
AR (p<0.05) ; L R 7 & 5 44 LA SMBC/SMBN
R IEM 2% (p<<0.01), 5 i 5 1) SMBC/SMBN
B EZEIEHR(P<0.05. HHERE. R
75 I 3 391 5% 1) SMBC/SMBN [ BB 5401 . &AL
FEELS LIERME R R REE . S+
B AR E PR m A E R B DR A AL
B 5 55 DR AT DL A B A A Ik P e
AR, DL A A A B DL A B AL
Jio BEARKRE , & AL & T IR R S
TR bR B AH DR 2 B e ot , Ul B A AL A P 8 L
JFR T 6652 21 1% R 3R 2 RS BEK

AE SR it 2850 S AR BB 5 5 T, K = A AT DA
SRS B B TN K A R AR A e R AT, FE R
WAEK R B AR BT R AR S5, R A
it AL At B P B AR AR AR, B AE A 7T AR
R it FH AT T S A A ) S AL R 4%, DL R
A AL BN Z BT E AR T AR AR, R A
R J TE A 5T A T B A A It A &, I R B e
R E M SMBC/SMBN IX 2 /™A 2 75 5410 7 A 77 2 Al
ALVAPERE TEM Ve SR 2 & DL OB IR LU I 52 HLAR
PS5, EERITEE R

4 B

AHIEFT L R, A AL B DL SR S o A
HIRERBIN AR SAS Hid & i ol
B AL B DA ARSI TR . I AR O 3 b B A
Ry AT R WA BLE P &l T 2 B SR s R oy
(R ELK o

AR 4 06 & SR RN O3 BT, 4 6~7 A I e
(1) g 7K 891 AL e 3l B 00 808 Tt &3S LA 300~
380 kg - hm™, SMBC/SMBN iz | 4y 9~15, It 45 F ]
SRR IR 8y A it A A B L AR 8 e R
RS B TSR BRI AR -
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