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Long-term Combined Application of Grass Hedgerow and Straw Mulch Alleviates Microbial

Nutrient Limitations in Red Soil Sloping Croplands

CHENG Yanhong', CHENG Kun', LI Daming', LIU Ming?, HUANG Shangshu', HE Shaolang'*, WANG Bingjiang', HUANG Qianru'
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Improvement of Jiangxi Province / National Engineering and Technology Research Center for Red Soil Improvement, Nanchang
330046, China; 2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 College of Land Resources
and Environment, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: To study the effects of grass hedgerows and mulching measures on soil enzyme activity and limitation of microbial
nutrients in red soil sloping croplands, an experiment was taken which was based on a long-term field soil and water conservation
measures experimental plots conducted in 2009 with four treatments: conventional tillage (CK), hedgerows (GH), rice straw
mulching (RM) and hedgerows+mulching (HM). The changes in soil physicochemical properties, extracellular enzyme activities
and ecological stoichiometry were measured. The results showed that compared with CK, soil organic carbon (SOC), total
phosphorus (TP), available phosphorus (AP), alkali-hydrolyzable nitrogen (AN) and available potassium (AK) were increased by
16.0%-24.0%, 1.7%-26.1%, 3.4%-27.0%, 3.2%-17.0% and 2.6%—24.6%, respectively, and with the effect of HM being more
significant. Compared with CK, GH, RM and HM significantly increased the activities of B-1,4-glucosidase (BG) and had
different effects on the activities of B-1,4-N-acetylglucosamine glucosidase (NAG), cellobiohydrolase (CBH) and acid
phosphatase (ACP). GH significantly increased the values of C/Ngga (In(BG+CBH)/In(NAG)) and C/Pgga (In(BG+CBH)/InACP),
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while RM significantly decreased the values of C/Nggs, HM significantly increased the values of C/Pggs and N/Pgea(In(NAG)/
InACP). The red soil sloping upland was generally co-limited by phosphorus (nutrient) and energy (carbon). RM weakened the
carbon limitation of microorganisms, while GH increased the carbon limitation. Vector angles significantly decreased by 5.7%
and 9.9% in RM and HM, respectively. Redundancy analysis (RDA) showed that DOC, N/P, AN, AK, NO;-N and TN were all the
main factors affecting enzyme activities and their ratios. Random forest analysis illustrated that N/P, DOC and NO;-N were the
main explanatory variants for microbial carbon limitation, while AK and TN contents contributed more to soil microbial
phosphorus limitation. These results indicate that straw mulching and hedgerows can enhance carbon sequestration and nutrient
cycling in red soil upland, long-term straw mulching can alleviate soil carbon limitation and significantly boost the activity of
nitrogen and phosphorus acquisition enzymes, and the long-term use of hedgerows in conjunction with straw mulching can

alleviate soil microbial phosphorus limitation. The results provide a theoretical basis for the ecological restoration research on

carbon-nutrient (e.g., nitrogen, phosphorus) processes for red soil on eroded sloping farmland.

Key words: Red soil of sloping croplands; Microbial nutrient limitation; Vetiver grass hedgerows; Rice straw mulching
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IR E N 1.27 glem®, BB, WPRIAIERR R & E
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4+ MBC &4 (P<0.05), {H GH, RM H1 HM 4t
HE R EZES, GH A HM A #4H . CK #1 RM 4t
FEIZ BN DOC i, GH Ab# 1 NO5-N iz i

*1 EESREESHER TR OREBAEREL

HET CK AP, % GH I RM AbPE 4458 NH,-N &7
B EMCT CK ALREAL, Hoft kb 2] B 40 & B0
TS,

Table 1  Soil physicochemical properties under grass hedgerow and straw mulch in sloping croplands
TR CK GH RM HM
pH 558+0.28a 587+0.38a 523+0.12a 5.56+0.30 a
SOC (g/kg) 9.96+0.61b 10.13+£0.38 b 10.81+0.18 b 12.56 £0.64 a
TN (g/kg) 1.27+£0.01b 1.26+£0.01b 1.48£0.09 a 1.44+£0.01 a
TP (g/kg) 0.75+0.01b 0.93+£0.0l a 0.87+0.04a 0.88+0.04a
TK (g/kg) 10.55+0.14 a 10.59£0.26 a 1042+0.10 a 10.81£0.05 a
C/N 7.84+0.41a 8.03+0.38a 736+034a 871+044a
C/p 13.27 £ 1.02 ab 10.91+£0.26 b 12.41 £ 0.50 ab 1434+127a
N/P 1.68+£0.04a 1.35£026a 1.69+0.03 a 1.64+£0.09a
MBC (mg/kg) 67.46+7.53 b 157.93 £18.86 a 158.07 £35.72 a 173.81 £ 18.66 a
DOC (mg/kg) 158.06 £20.97 b 286.11 £5.63 a 151.56+£20.42 b 215.91 £44.09 ab
NOs-N (mg/kg) 44.63+£5.03b 61.68 +3.32a 43.47+3.25b 40.85+4.23b
NH,-N (mg/kg) 200.80+5.79 a 134.18 £2.93 be 83.07+14.85¢ 183.26 + 34.84 ab
AP (mg/kg) 4771 £2.39b 52.53+2.37 ab 4931+£3.21b 60.61 +4.58 a
AK (mg/kg) 190.05 +8.95 b 194.92+0.82b 226.89+6.34a 236.88 £2.61 a
AN (mg/kg) 94.15+2.77 ¢ 97.12 +1.90 be 102.23£2.92b 110.14+0.43 a

TE: P RFTAR/NG TR 3R 78 AN A Ak BB 777 13 25 57 (P<0.05); R,

22 TEEFEEREAFEITESE

e 7 o RN R i 34 B AN (R R R S ) - 4
BG. CBH, NAG F1 ACP & (%2, K 1) 5CK
REFEAHEL, RM 1 HM b3 +3% BG. CBH Hil NAG
TEPEYS RN, [FIRT GH AbBE R i CBH fi5 P
178.1%, RM AbBH B 140 ACP i1k 19.5%, 1 HM
AL 5 FRAR ACP 161 34.4%. 5 CK ALFEAH L,
GH. RM FI HM b 335 b 2538 i A ERRAE 21 A S il
(BG+CBH)I& P, Horh HM kbBifg e, BE&ST GH
1 RM LbHE, GH FIl RM kb B[R] TC & & 22 5 (K 1A),

AN T 3R A R LT (B 1B 1D
IP)Z5RRW, 5 CK AbFEAHE, Bl 5B (GH) b #E
BEWHNT C/Ngea M1 C/Prpa 1H, ARG B 55
(RM)AL R ZE R T C/Nppa fH, 55 D [R) R 508 25
(HM)AL BRI 238 /1T C/Pppa Al N/Pgea B

2.3 TEREYFBREIFHIE
- M i AN Bl PR 2R TR T RS R R

C/Ngga “FF120 121, N/Pgpa ¥R 0.79. WE 2A
7R, 45 b PR BT A REAS B4 AE IR M g 2L
[ PR X ek, Horh RM AT HM b SR B 1 sk 535 (&
2A), THEREL AT R A S RRFIE AN 2B 2C FUR,
FIABEAR R KR T 1, RS RTF 450,
TR IR A 5 AR B R D S AR R I
PR &5 T 50 W A K AR R] e 32 3Rl A 11
R, AL CK AbFE, RM Ab3H4e 8K B i AR
5.1%, 1 GH AP N 9.7%, FRBHREHLAT 6 ff
PR W) 52 ik BRI A AR EE AR, A AR i W sy 1
WRBRH . AH L CK AZLFE, RM F1 HM b B 2% 5 £ B 43
S FRAR 5.7% 1 9.9%, FEUABIRAE I T 3585
A= P R T 20 5

Table 2  Soil enzyme activities under grass hedgerows and straw mulch in sloping croplands

*2 HESREBZTRHMARMEEETL

B (nmol/(gh)) CK GH RM HM
BG 63.35+3.60 c 58.09+2.10 ¢ 7542+ 1.24b 8525+244a
CBH 14.89 + 1.50 ¢ 41.41+3.16a 29.76 £ 1.84 b 30.05+1.17b
NAG 36.13+1.35b 2995+2.16b 66.35+4.60 a 61.96+2.13 a
ACP 343.76 £8.81b 360.22£0.83 b 41096+ 18.72 a 225.35+19.28 ¢
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Fig. 1 Soil enzyme activities and their stoichiometry under grass hedgerows and straw mulch in sloping croplands
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Fig. 2 Relative stoichiometric relationships of C, N and P extracellular enzyme activities (A), vector lengths (B), vector angles (C) and
relationship between vector lengths and vector angles (D) under grass hedgerows and straw mulch in sloping croplands
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Fig. 3 Correlations of soil physicochemical properties with enzymatic activities and enzymatic stoichiometry
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Fig. 4 Redundancy analysis displaying relationships among soil enzymatic activities, enzymatic stoichiometry, and soil physicochemical
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Fig. 5 Contribution of physicochemical properties to vector lengths (A) and angles (B) obtained by using a random forest model
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