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Abstract: This research evaluated the benefits of green manure for soil quality recovery, compared with those of traditional
clear tillage and chemical herbicide application methods, in a Castanea henryi orchard in the typical red soil hill region of
Fujian. A randomized block design was adopted, with each block having an area of 0.3 ~ 0.5 ha. The experimental site was
cleared of natural weeds, trialed with two grass species (Vulpia myuros, VM; Lolium perenne, LP) and three legume species
(Vicia villosa, VV; Astragalus simicus, AS; Chamaecrista rotundifolia, CR) as green manure crops, and treated with
glyphosate spraying (GS) and clearing tillage treatments (CT), with three replicates of each. The physical and chemical
properties, microbial biomass carbon and nitrogen of soils, and agronomic traits of chestnut in the five green mature and the
two control treatments in the C. henryi orchard were analyzed. It was found that: 1) Compared with the CT and GS
treatments, the soil quality of all grass cultivation treatments was significantly (P < 0.05) improved. In 0 — 10 cm and 10 — 20
cm soil layers, the contents of alkali-hydrolyzable nitrogen and microbial biomass carbon (MBC) of the VM treatment were
the highest. The contents of alkali-hydrolyzable nitrogen were 74.14 and 54.87 mg-kgfl; the contents of microbial biomass
carbon (MBC) were 1.42 and 1.15 g~kg_l. The contents of exchangeable calcium and magnesium of the LP treatment were
the highest. The contents of exchangeable calcium were 128 and 93.39 mg~kg71; the contents of magnesium were 114.95 and
66.28 mg-kgfl, respectively. The VV treatment had the highest microbial biomass nitrogen (MBN) content, which were
47.68 and 30.89 mg-kgfl, respectively. 2) Compared with that of the CT and GS treatments, the contents of starch, soluble
sugar, protein, fat, phosphorus, potassium, calcium, and magnesium in the fruits of green manure crops were all increased.
The transverse and longitudinal diameters of chestnut in the VM treatment were 26.6 mm and 33.1 mm, the weight of a
single fruit was 13.54 g, which was significantly higher than that of CT and GS treatments, and the per unit yield of chestnut
was higher than that of CT and GS treatments, which were 59.44% and 111.25%, respectively. 3) Mantel test and random
forest analysis showed that MBN, soil hydrolyzed nitrogen, and exchangeable magnesium were not only the key factors
affecting the agronomic traits of chestnut fruit, but also the most important factors affecting the yield of chestnut. In
conclusion, grass cultivation can improve the soil quality of C. henryi garden, improve the agronomic characteristics of
C. henryi fruit, and increase income for chestnut farmers. In this research, the VM treatment had the best performance and

could be the best choice for ground management of C. senryi orchards in southern China.
Keywords: Castanea henryi; grass cultivation; clean tillage; glyphosate; soil physical and chemical properties; microbial
biomass carbon and nitrogen; agronomic traits

Corresponding author: YOU Longhui E-mail: m378384996@126.com
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1.1 #ARKXHR

SRR T A 2 r T e L ik 2R R R, ST 38K
609 m, 7 3 [F § 77 7Y f) o B 13, 118°15733" E,
27°28'57" N, E ¥R ik 183 C, /K E 1 774
mm, JoFE 270 d BA b, BRIR ZE R, KA
ok, B A RS AR, DL R AR KA S
KB TR 203 )y 3, pH 5.0~5.2, & B HESR A
Ko M 2 MHERMBEERFES, BT LB
(SR S5 o RN icl 3 L U7 B S e SN K ol =S
1.2 REEITS5RERE

2018 4F, FE @R T A 2 3k B v 3% Fr Ho Az
A AR — B IR HE ST I, SR H B AL X 4 ¥t
¥ LR RE M 4 T AL 0.3~ 0.5 hm” 1925 T 138 5 /)
X, 2 iE By 3 AR R B e, 5 B UE P B (Vulpia
myuros, VM) ¥f « Jt W 48 16 % (Vicia villosa, VV).
ME L (Lolium perenne, LP) ¥f. %% = ¥ (Astragalus
simicus, AS) ¥f M - Y B} (Chamaecrista rotundifolia
CR) #f 5 F A= FEAREE, BLIIE BE (CT) MG it & H B
(GS), 3L 7 MR b 38, R Fh b3 3 DN EE . AT
DL PR R T R S B G b T, v A 15 HE S AR
Foo B B 42 29 30 em A L. TE 2018 4F

10 3 1 WOBOGE, #6708 30 kg-hm °, I 78 26 W, B
K& 5 om Ao 4B RURERE, 56 2 4 4 A IR CARTR
% 77 AT RN E, FE AR IR 30 kgehm . AFAEIE
REW K, B R Bk, SR A S A R (NPK E EE N
P,0s : K,0 = 15 : 15 : 15) B JE, i I & 120 kg-hm 7,
TEHAE R N IX, BRAE 4 AR 6 H 8 N TH s — K
TE 5] R TR BT 8], 06T W55 e Bl 1 /N X, T 10% B H
B K3 1.5 kg, 3550 5L /K 30 kg, HEAT 2555 g R
L NARIE R P, CT AT GS A3 /K IR 5 3 5 A 2
BT A B ORFE — 8 LR IR A SR 1 A .

F1 i ERER
Table 1 Basic information of sample site

b WoERE  CPEfE S CTElaE

Stand density/ Stand average Stand average

B G SE

Grass

Treatment (trees-hmfz) height/m breast/cm coverage/%
VM 198.5 7.4 28.4 85
\AY% 188.2 6.9 253 80
LP 233.7 7.7 22.9 85
AS 208.2 6.3 27.1 80
CR 240.8 7.1 30.4 80
CT 2252 6.7 253 10
GS 215.0 7.3 26.8 10

VM, BEFERRAHE: VV, SU TR, LP, MERR
REALEE; AS, BRIGRIEA: CR, RM-RIFRELI; CT, HHf
AbFE; GS, WUEHPELE; .

VM, Vulpia myuros cultivation treatment; VV, Vicia villosa cultivation
treatment; LP, Lolium perenne cultivation treatment; AS, Astragalus
simicus cultivationt treatment; CR, Chamaecrista rotundifolia cultivation
treatment; CT, clean tillage treatment; GS, glyphosate spraying treatment;
this is applicable for the following tables and figures as well.

1.3 TEBUMREMEDEIERENE
FES RN X 7 n W EEERE N 25m*x25m
(T8 25 A L, BE B (R BE 25 m DL b, SR 21 AN AL,
FE ML P HE S GG K 3 9 42 SR 4B (1) B AR (Corylus
mandshurica), ¥ FE35 4 35 G E ) A & 4F . 2020 5F
8 H, 7E & FEHb I HL 3 PRAM A A= KA B L A iy A i 422
FEAR — UM HE S Y OR, BER TS 1 m AL, A R
PErgdL 4 AN T71m, ERRRZ W EY, HLEE B
T ERE0-10 cm 110 — 20 ecm +JZ HFF, &4
Hiy [7] — o 2SR R a5 R A DY 200 B — )
ZBRAR &R A BREE R BSOS =,
WFJG 55 2 mm B0, 1500 503 10 g #iF B 5
0.147 mm 35807 4 FH o 75 RAE s B3 H BR TD 0 P A
T EBORE, T 00 E S K AR IR AL AT M AR
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{1, KM ECR AR 502 (LY/T 1229-1999)
W 5e, 13 R R AL - h R IR BT Bl e A
A% (LY/T 1233-1999) Wl &, 13l 808 R H 4. 1R
B2 R — KB 6 B VE (LY/T 1236-1999) I 5, + 35
A8 P A R AT 80 Mk B SR ) 2 TR A A e — TR IR o
FHEEVE (LY/T 1245-1999) il 5, -3 pH % HLAL
HENE OK = 1=2.5:1) TIRGEADAEYIEDR (microbial
biomass carbon, MBC) I fil 4= #) 4£ ¥ & % (microbial
biomass nitrogen, MBN) X H & /i 3 75 — i FR 47 1% 2
1% $2 W J5 F TOC-VCPH/CPN Analyzer (Shimadzu,
Japan) Wl 5 , ¥ e 2 K05 N 0.45 Fi1 054",
14 RIFE, REMERKMFSZENE

2020 4 10 7, KA AR5 g0 7 1 il sk
FH 5 R (1 S P 35 R 1) TE A A B, S E M
HH B ATL 3G B 100 AN AR KA RE L TE e U I SR A Al
SO E, ot 50 AN I e R B MR, B4 TE A fif
HOEREEE, R E, ERMA ERIR, EL
£ 7K Z (GB 5009.3-2016); 7 &k 50 4> 58 25 Ji] By HY
AT, M Ko s Hodr, ik & R A R KE
% (GB 5009.9-2016) &b P, 3.5-—Fiif 2 /K ¥ B2 v I
5 1 AT Y o B SR PH ECR L e v s s A

*®2 FEIAIEA HERE R R

BRI E K A R K 7% (GB/T 14772-2008); £
15T 7 =2 R ALK E 0% (GB/T 5009.5-2016);
B 2 500 5 SR FH 4y 6 06 % (GB 5009.87-2016);
B RN B B T 3SR A A DR T TR B v
2y B F bR GB 5009.91-2017. GB 5009.92-2016
1 GB 5009.241-2017.

1.5 BIESH

A I Excel 2016 347 %4/ B 2 ; SPSS 20.0 24T
DUNCAN % = L # s F Origin 8.4 2 17 5 28 43 i 1
F %5353 H71: H R Project 4.1.1 HJ vegan. Randomforest
T2 7 A 43 5 3E 1T Mantel Test 6 56 F11 Bt A1 4% AR 23 7

2 HR50Mr

21 AREGEIRIBUMER S

76 0— 10 cm [ L3, KRR A 20 AL
B e 43 I VML VIVL AS, 43 A B 74.14,
163.49 F1 242.37 mg-kg '(F 2). 1£ 10 — 20 cm f) £ 3%
W, VM (K g S B RO AT pH 3 B =, o il o
54.87 mg-kg - 140.18 mgkg ' 1 5.53; LP 7 ¥ A +
JEHR S B B . B B, AT CT

e

Table 2 Effects of different treatments on soil physical and chemical properties of Castanea henryi orchard

Tz
Soil
layer/cm

AbRR

Treatment

bk DHUKARIER  LEEONR

SHN/

SMC/% a
(mg-kg )

SAP/_
(mg-kg )

B RIS
SAK/ SECa/

(mgkg ) (mgkg ')

TR B
SEMg/ pH
(mgkg ')

0-10 VM
\'A%
LP
AS
CR
CT

GS

10-20 VM
\'A%
LP
AS
CR
CT

GS

26.40 £ 2.60ab
2449 +£2.71ab
2731+1.52a

2582+ 1.11ab
26.32 £2.22ab
22.12 £ 3.36bc
19.60 +2.48¢

74.14 +£2.16a
63.49+4.17b
61.36 + 5.66bc
63.84 +£5.62b
66.41 £3.75b
54.39 +3.38¢
47.10+£2.73d

24.08 £ 3.20ab
26.13 £ 3.69ab
24.88 £ 3.46ab
2778 £3.61a 51.73 £ 3.54ab
2430 £ 1.67ab 50.12 £+ 5.45ab
20.15+2.57bc 45.10 + 3.19bc
18.13+£3.81c 38.86+5.02¢

54.87 +3.56a
52.05 +3.70ab
48.00 £ 4.96ab

156.87 £ 28.22a
163.49 +31.79a
151.31 £28.02ab
138.24 + 8.58ab
148.71 £ 18.04ab
121.44 £ 22.46ab
108.34 £ 7.26b

140.18 £17.93a
138.53 £ 14.21ab
129.44 +26.02ab
125.41 £ 13.98ab
112.50 + 21.65abc
106.16 + 12.16bc
90.25 £ 9.96¢

234.76 £ 6.95ab 116.62 £ 16.82a
213.66 £ 8.78bc  107.63 £ 8.66ab
209.82 £ 18.19¢d 128.00 = 10.05a
242.37+15.04a 119.57+7.19a

225.13 £ 8.30abc 122.04 £ 18.70a
190.88 + 11.85de 91.10 = 8.40bc
17637+ 11.24e  76.84 + 6.84c

195.99 + 11.52ab
182.27 + 8.65bc
171.81 £4.01¢c
210.04 £ 12.67a
201.12+£9.32a
168.54 £ 11.78¢
147.73 £ 11.04d

87.35+14.79a
81.20 + 16.00ab
93.39+5.03a
85.36 £ 11.22ab
78.92 + 6.73ab
67.38 +3.09bc
58.32+3.42¢

105.52 £ 6.29ab 5.93 + 0.06ab
100.09 + 8.26ab 5.95 +0.19ab
11495+ 11.62a 5.73+0.13b
105.60 + 10.78ab 6.17 £ 0.12a
97.50 £ 13.57ab 5.83 £ 0.13b
89.95+7.58bc 5.69 +0.19b
7649 +£5.61c 535+0.21c

57.82+6.36a 5.53+0.35a
54.03 £ 6.37ab 5.52+0.25a
6628 £9.4la 5.39+0.30ab
54.18 £ 10.41ab 5.45 + 0.19ab
51.79+5.30ab 5.36 +0.14ab
41.42 £ 10.00bc 5.08 + 0.23ab
35.67+5.08c 5.02+0.24b

A5 [F)— LR AN RN G T BER AN R AL B R 22 7t iR 24 (P < 0.05); Il

Different lowercase letters within the same column and soil layer indicate significant differences among different treatments at the 0.05 level; SAK: soil available

potassium; SHN: soil hydrolytic nitrogen; SECa: soil exchangeable calcium; SEMg: soil exchangeable magnesium; SMC: soil moisture content; SAP: soil available

phosphorus; this is applicable for the following tables and figures as well.
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Figure 1 Cluster analysis of soil physical and chemical
properties in different treatments

22 AERILEMEMEIEHRI ST

Z H L K I (K 2), MBN & & 7E 0 — 20 cm 1]
AETEFR AR ZFKK, 0-10cm L ZH
VM fIVV B3 (P<0.05) =T CT fGS, 11 1020 cm

+ 2 0 A AR B AL B R 2 S T CT LGS, VV
EW A )2 1 MBN & &3 i s 0 5o 47.68 Fl
30.89 mg-kg 's MBC % &, 1¢ 10 — 20 cm 1 & VM #l
AS Wb FE B ZEE T GS, VM AR A+ 2 ) &
W, B OGS o BIAR R T 21.37%. 47.44%. MBC/MBN

1575 Ab 3 8] 35 TG 8. 3% 22 5 (P > 0.05).
23 FECENHEERIRZHEKRFM

VM Fl VV ) 87 T B 7= B A 7E 2 000 kg-hm
PLE, 352 CT A GS P2 &1 1.6 £, 2.1 f5 /1, P2 &
WERE (P<0.05) (%3). VMR RFEAN13.54g,
J& CT 1 GS [ 1.36 5. 1.45 fi5, sz S B B 88K,
B HOFF 241, CT. GS & PEAR 5 AR BOARBE Ab 3 3 17 7
BEER, MASREAAR AL EEZES (F 4. £
TR AE R BNESEYREEST
CT F1 GS; HAH% T CT F1 GS, #% & Bk B 4b B 15
AR B MR i 7 R SE e by AT PR B T
W7 S i AL B E TR TR A & (R 5).
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Figure 2 Analysis of MBC and MBN in different treatments

MBC, LIEMEMEYETR: MBN, WEYAEYER.

MBC, microbial biomass carbon. MBN, microbial biomass nitrogen.
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®3 TELENHERRL~EHNF M
Table 3 Effects of different treatments on fruit yield of Castanea henryi

Ab3 S5 R BB AR HRH THRA BALEAE
Treatment  Number of parent branches ~ Number of fruit branches  Fruit number = Empty-bur rate/%  Per unit yield/(kg-hm °)
VM 134+ 13.65a 208 +22.34a 621 +36.59a 6.79 £ 0.39b 2 009 +307.16a
\'AY 121 + 11.50ab 201 +23.71a 661 £6091a 6.69 +0.18b 2012+ 177.90a
LP 131+£13.32a 193 £ 14.53ab 605 +36.17a 7.30+0.51b 1686 +211.37ab
AS 115+ 7.55ab 190 + 13.05ab 600 + 26.85a 6.72 +0.29b 1 605 +265.11abc
CR 120 £ 7.57ab 206 +21.00a 588 +32.60a 6.88 +0.49b 1537 +£296.27bc
CT 111+ 17.01ab 165 + 15.04bc 497 +34.18b 8.82+£0.82a 1260 + 72.90cd
GS 102 £ 10.54b 151 +19.63¢ 453 +38.44b 9.54+091a 951 +96.74d
R4 TELENHERRILREMEREF N
Table 4 Effects of different treatments on phenotypic characters of Castanea henryi fruit
. RERE  RRAR RRME  RRAR HFE MR RREAE
Treatment Hazel_nut total Per_ fruit _Nut Nut Seed Kernel Nut moisture
weight/g weight/g wide/mm long/mm percentage/%  percentage/% content/%
VM 33.92+2.01la 13.54*1.65a 26.60+0.40a  33.21+0.53a 39.67+5.30a 88.18+1.33a  48.75+0.86a
\'A% 31.38+2.51a  12.77+0.78a 26.33+0.55a 32.07+0.86ab 40.63+2.39a 87.19+1.30a 48.37+0.46a
LP 3203+1.22a 12.69+1.51a 26.53+0.40a  32.69 + 1.06a 3946+3.60a 88.49+0.77a 47.53+1.16a
AS 30.66+2.07a  12.45+0.60a 26.23+0.38a 32.04+0.73ab 40.60+3.89a 88.86+0.83a 47.38+0.57a
CR 3251+2.73a 11.72+£0.75ab  26.50+0.46a  30.91 = 0.58b 36.85+5.06a 87.64+1.86a 46.83+1.57a
CT 26.60 +1.23b 9.98£0.09bc 2497+0.42b 29.54+0.84c 3740+ 141a 81.89+1.67b 41.94+230b
GS 25.33 +0.86b 9.37 £ 1.04¢ 2453+0.51b  29.42+0.53c 36.89+2.88a 82.52+1.70b 41.79+0.85b
x5 TELENHERRIFASILIENTN
Table 5 Effects of different treatments on nutrient content of Castanea henryi fruit
e i A el EF i w 5 B
Treatment Starch/ Soluble Fat/ Protein/ Phosph(_)lrus/ Potasmylm/ Calcul_rln/ Magnesllllm/
% sugar/% % % (gkeg ) (gkeg ) (gkg ) (gkg )
VM 53.10+£2.88a  10.91 +£0.49bcd 2.10+0.56a 8.08+1.32a 1.75+0.17ab 12.18+0.98a  0.74+0.09a 1.38+0.07a
\A% 4774 +2.82bc 11.60+1.68abc 1.97+0.25a 9.38+0.7la 1.65+022b 11.63+244a 0.77+£0.06a 1.33+0.13a
LP 46.84 +1.48bc 11.18 +1.60bcd 1.73+0.64ab 9.79+0.46a 1.89+0.05a 9.59+0.46abc 0.7+0.10a 1.22+0.06a
AS 4574 +4.56bc 13.77+£2.56ab 2.23+0.2la 823+0.86a 1.70+0.09ab 11.18+1.14a 0.69+0.09a 1.31+0.13a
CR 50.94+1.97ab 14.75+2.78a 1.57+0.32ab 8.62+0.58a 1.80+0.08ab 10.70+ 1.67ab 0.67+0.07a 1.31+0.10a
CT 4525 +3.68¢c 8.62+1.32cd 2.10+0.30a 9.09+1.23a 1.27+0.07c 8.29+1.06bc 0.53+0.04b 0.94+0.17b
GS 42.89+1.12¢ 8.09 + 0.66d 1.11+0.11b  4.65+1.19b 1.17+0.07¢c 8.09+092¢c 0.50+0.07b 0.85+0.09b

Ty A LA BTN 7 5 A E R sk 2R AT
Mantel Test £ %, 97 % tHH » > 0.4, P <0.001 ] 9 ik
R (B 3). £0-10ecm LEd, TRz A S
PR A B B 4 [ A L T MBNL SHN % A BB 7 1 B2
B85 B 2 1) ) R OG 1 R 9, v B 43 N 0.605 3 A
0.536 0; 7£ 10 — 20 cm 2 2 71, & T R g 2R 1)
FH B9 % [ A0 2L T MBN. SEMg % A B 7 ) R 25 46
Z 18] B AH O B 5, AEL93 90l N 0.455 6 11 0.442 4.
T2 o3 M I, HE SR AR 2 IR % R s A A S

LMK R, MR R HATRRYE G, 456 SLhrdEr™
s B, O I R AL T AR AR N OB o A FR AR, R
FH Bt WL A K 9 A 1 458 20 558 ] - 0 B A7 T AR 7
o, 5 RF (K 4), 0— 10 cm 1 10 —20 cm 1 /2
rh b 358 A 85 R T BT TR R R S A AR R R
53 51l 58.57% FH 48.60%, [ AL AR M A5 2 0L & FE 5 =
0— 10 cm = JZ /1, g2 ma B A7 [ AR 7= 1) 3 2 R A
T4 MBN (15.39%, P<0.001). SHN (10.92%, P <0.05)
F1 SEMg (7.99%, P < 0.05), 10 — 20 cm £ JZ 1, 5210
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Figure 3 Effects of soil physicochemical properties and MBC & MBN in agronomic traits of Castanea henyri fruit

16 r ET TS 0-10 cm 14 — 10 —20 cm
14 - L2 R2=0.486 0
© R2=0.5857 < 12 P <0001
m 12 F P <0.001 )
2] * wn 10 N
= =
s 10 + B
k= £ 8|
Jég_ 8 L * M‘ *
= - 6 L
= =
6
BN o4
w4 K
Sl SR N N
& )
0 L L L L L L L L L Il 0 L L L L L L L L L ]
-2 L -2 L
MBN SHN SEMg SAK MBC SECa SAP pH SMC SEMg MBN SHN SECa SMC SAP SAK pH MBC

4 FMER~ENTETIRFER T
Figure 4 Primary soil environmental factors affecting Castanea henyri yield
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