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Different Responses of Soil Hydrolases Involved in Transformation of Carbon, Nitrogen and

Phosphorus to Different Fertilizers
MIN Kaikai, HE Xiangyang, WU Qianyi, ZHANG Guanyou, HU Feng, LI Huixin, JIAO Jiaguo”
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This study is to investigate the responses of soil hydrolases to different fertilization and the influencing factors.
Three fertilizer treatments were designed and compared, including an unfertilized control with only red soil (R), cow manure
(R+C) and chemical fertilizer (R+NPK). Soil samples were taken at three times (5, 30 and 90 d) during 90 d incubation to
evaluate the activities of soil hydrolases involved in the transformation of carbon, nitrogen and phosphorus using the
microplate fluorescence method. Seven hydrolases were studied, including o-1,4-glucosidase, B-1,4-glucosidase, cellulase,
xylanase, leucine aminopeptidase, -1,4-N-glucosaminidase and phosphatase. At the 30 d, chemical fertilizer significantly
decreased the total enzyme activity, and slightly reduced enzyme activities involved in the transformation of carbon, nitrogen
and phosphorus compared with the control (R). Organic fertilizer had no effect on the total enzyme activity, but significantly
increased the activity of a-1,4-glucosidase but decreased the activity of phosphatase during the incubation period. For the four
hydrolases involved in carbon transformation, only a-1,4-glucosidase activity responded strongly to fertilization, which was
promoted by the organic fertilizer but decreased by the chemical fertilizer. For the hydrolases involved in nitrogen
transformation, the activity of leucine aminopeptidase was inhibited by chemical fertilizer, while B-1,4-N-glucosaminidase
activity was promoted by organic fertilizer. Besides, phosphatase activity was reduced by organic fertilizer, but was not
affected by chemical fertilizer. The responses of different hydrolases were different to fertilizers, NMDS analysis showed that

the responses of a-1,4-glucosidase and leucine aminopeptidase were most obvious to fertilization, followed by phosphatase
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and xylanase. The correlation and redundancy analyses showed that soil pH and soluble organic carbon had the greatest

influence on enzyme activities, indicating that fertilization-induced alteration of soil physicochemical properties is the main

pathway that influencing soil enzyme activities.

Key words: Organic fertilizer; Chemical fertilizer; Carbon, nitrogen and phosphorus transformation enzyme; Microplate

fluorescence method
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Table 1 Basic properties of tested materials

Pkt pH I ] 5 7K B (g/kg) Tk (e/ke) 2 (g/ke) g (K0 g/kg)
211 521 439.5 12.87 1.25 0.38 -
AR 7.56 - 202.67 13.54 14.03 21.58

e S TE LS AR R AR B DL P AT PLOs TH(g/kg)-

1.2 RIeAbIE

RIS B 3 bR, AR 3 RE R DL
B+ A NERFC); QLIEHEIERNPK); G
HEABIMACAL TR, R).

1.3 #HEFAE 555 R

¥ E R SR A VLR 20 H MG, i 8
C 3 g/kg (T H)MARAER A2 HUAE, ALAE 7R I
A% FR TS A HLAE b () EBE B0 A A IR
TS KRB H I RK R 60%3E T3 MR &K
), WHR G0 IR TR, s 25 °C
BEFRAaTh SR, WRIMK R ER S KRS 43 HIE 5.
30 F1 90 d HFATREINERAE:
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F 4 °C UKFHF IR G E . EHOLRIP . AT
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Table 2 Repeat ANOVAs on effects of adding organic amendment or chemical fertilizer on soil properties under different incubation times

75 S R H pH +- g AP BLBR HAA A R
Qb3 2 2199.65™" 45.96"™ 279.95™ 523.34"™ 111.08™
Fisf ] 2 0.9 16.50"" 3.869" 5.99 1217

b B < [R] 4 30.06 25.66"" 2.19 3.517 1.31

W RPEIRARE S0 FAERMBE KT, *, == fl #*x 558K P<0.05, P<0.01 f1 P<0.001 B3#/KF, T,
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S5xREAHEE, AV B A 3% pH, ik
HE U) 45 35 P ARG 1338 pH(P<0.05); 3 N FAEA [F) R A
MR pH A &4 W& AR (FR 3). TE S d I, A
DU AE i 25 4 v L IR I a3 | 25 355 5 B ] ) 4
K, xR R VRSS2 30 d IS AbHE o
B2 A HUIE AL BRAE AN SR AL (8] () AT i A
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JE A AR XS R Ak B ) AT 1 A WL % 0 ) T

8.68%. 28.18%. 38.87%. ALAEALHLEREA AL [A]
PR PR A B i, 7E 90 d BFAHXS T 5d, A
HUAE . b A i X B8 A B ) 5 25k 407 i 0 0 T
162.53% . 35.26%. 122.84%. A HLIE . FLAE 40 B
5T HRAL AR LG, 7E 3 A RAEET (B ¥ 6e 2 P e A
RS, HBEIGFRA g, A S A e
ryEaH, 78 90 d BHAHXT T 5d, AHUIE. fLAEab3
UG FRAE S 08 B 5 0 ) R 23.47% . 42.84% .
35.01%(3% 3).

®3 FEEFFET, HMAVESLEN TIREFEROFE

Table 3  Effects of adding organic amendment or chemical fertilizer on soil properties under different incubation times

S E I AEIG)) o3l pH T+ P (CO,, mg/(gh))  FIRHEAMLIK(meke) B A (mgkg) A0 (mg/ke)
5 R+C 6.24+0.02a 0.47+0.01 a 4525+049a 40.92+0.59b 42.09+0.23a
R+NPK 4.93+£0.03¢ 0.18+0.01b 28.00+1.21b 180.11£2.92a 33.05+044b

R 5.19+0.01b 0.19+0.01b 2544+095b 1992+ 1.11 ¢ 25.82+0.15¢

30 R+C 6.30£0.02a 0.27£0.05a 4395+ 1.56a 69.14+0.75 b 54.69+0.38 a
R+NPK  4.50+0.05¢ 0.20+0.01 a 2045+ 1.02b 191.39+087a  44.80+3.25b

R 5.14+0.01 b 0.15+0.03a 18.06 £0.39 b 28.45+1.03 ¢ 36.46 = 0.45 ¢

90 R+C 6.40+0.06 a 0.07+0.01 ab 38.58+1.48a 107.43+£1.84b 51.97+2.18a
R+NPK 4.44 +0.05¢ 0.05+0.02b 20.11+£2.19b 243.63 £18.45a 4721+0.74 a

R 5.06+0.01 b 0.11+0.01a 15.55+0.89 b 4439+037 ¢ 34.86+0.85 b

T RPEIR AT IEAR DR 22 (n = 3); RPFEFIEER/NG TR R R [ RAEW AT, S [ Ak 2 22 53 2. 3% (P<0.05)
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Table 4 Repeat ANOVAsS results (F values and Probability level) of soil hydrolase activities

AR SRR A AG BG CB XYL LAP NAG PHOS TEA
Qb PR 2 102.40™ 3.61 1.773 0.784 51.33"™ 17.58"™ 56.47"" 15.08""
i 1] 2 7.718" 14.524™ 7.057" 21.74™ 1.04 7.22 16.45™" 9.17"

Qb B < sf [] 4 35.73™ 2.77 0.3

491" 3.10° 2.15 1.67 4.44°

H: AG: o-1A-HE B EE; BG: B-1,4-#i4505 1 %; CB:
CERRIL TG ; PHOS: BEIRNE; TEA: EEHEME; TH.

ME T EERATLE Y, S 5REALRK T,
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2 T BRI T XA [+t A Ak BEEL A AH S A i O R 5
B 2 ANWHY, S ALAC 2 E N T a-1,4- M ERE
BRI 1, T SRR T XS IRAL B (AR AEAL BEAE 5
d 500 IR BAT A 25 5%, TIJ 69 2 A Ik 0 25K
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1 Effects of organic amendment or chemical fertilizer on soil hydrolase activities
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Fig.2 NMDS plot of soil hydrolase activities

5 LTIREGEMSTIRBAMREEXES

Table 5 Correlation analysis between soil hydrolase activities and soil properties

AG BG CB XYL LAP NAG PHOS TEA
pH 0.55" -0.67" —0.55" -0.30 0.36 0.33 —-0.67"" 0.33"
gk 0.47" -0.38 0.01 0.63" —0.51"" 0.19 —0.43" 0.65""

AL A PR 0.32 -0.37 -0.50" 0.05 0.08 0.61"" -0.41" 0.21
HAA —-0.57" 051" 0.22 0.05 -0.05 0.39 0.44" -0.50

R ¢ 0.05 -0.25 ~0.004 6 -0.08 0.19 0.59" -0.39" 0.06

o R R R AR B K, *, == F1 *xx HR15IR P<0.05, P<0.01 f1 P<0.001 i /K,

KRTCARHT I, E— 258 7R AN ] - K it ity
TP A AR X S A B 5 A HER A B 2 ) A 56 &R (&
3). SR ER, BIFAREIRIPCL T PC2)REAFREK
BTV AR A 52.52%, Hirh s —Hh ] iRk i
PG PEAR S0 32.26%, LA+3E pH. RIVEMEA LK
ST R R R LA K a- 1 4- R AR . B-1,4-F
2 AP R R I T 55— T %) T R AR K o 35 Al T A
BEK ARG TG VRS S 20.26%, HLLL 5S4 e 2 ik ikl |
A RBERG Ry B TR T o AR [RIACARE X 4 e G 4
AL R AR, 3 AN b RS BT 3 NG R
A AL A S v AT A LA R L T 5
FELL R+ 33 pH; ALARIA 4w B AR S i, [F

K +3 pH, RN} o-1,4-F450F . B-1,4-N-ZBEE
R R WY R I O 1 M A AT ML Ak B
R, TEAL AR AL s AR (R 1, 3R 3)

3 hie

TEABESE T I AN S BT AT L 37K A A ok HE AT
SRAVAIIAN (K 3). HAZHHEAR o-1,4-H % b
i, ZH5RAEANTRAMREAILIKEG . B-1,4-N-L 1t
o R W T L B 2 5 WO AL O Tl T R S
PEXTAS [F] At A A BEAT 36 25 B (R 3, BT 1),
DA B FE 24, b Sl M L AR o
EAFTE R R, B R AR O R T
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Fig.3 Redundancy analysis ordination showing relation between
soil hydrolase activities and soil physicochemical properties
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