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Effects on soil nutrients and bacterial communities of different cover crops in an
organic kiwifruit orchard in the Guanzhong region of China

JIN Xu-mei, WANG Ying-ying, L.IU Chong-yi, CHEN Xin-yi, LONG Ming-xiu , HE Shu-bin’
College of Grassland Agriculture, Northwest A&F University, Yangling 712100, China

Abstract: This study investigated the effects of different cover crop combinations on soil nutrients and bacterial
communities in organic kiwifruit orchards in the Guanzhong area. Four cover crop combinations were tested: 1)
Lolium perenne+ Vicia villosa; 2) L. perenne-+Melilotus officinalis; 3) L. perenne—+ Trifolium repens; and 4)
Vulpia myuros. Natural grass was used as the control. The growth characteristics of grass species and the effects of
cover crops on soil nutrients in the orchard topsoil (0— 20 ¢cm) were observed. The bacterial community structure
was analyzed by high-throughput sequencing. It was found that V. mywros had the highest overwintering survival
rate and the lowest number of weed plants in the plot. The soil organic matter of artificial grass was 6.46% —
38.63% higher than that of natural grass. The combination L. perenne+ V. wvillosa gave an obvious difference, and
this treatment resulted in the most significant improvement in soil urease, sucrase and alkaline phosphatase activities,

which were 3.37, 44.17 and 3.46 mg-g '-d ', respectively. Meanwhile, compared with natural grass, L.
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perenne—+ V. wvillosa, L. perenne+M. officinalis and L. perenne—+T. repens increased the richness and diversity of
soil bacterial communities. L. perenne+ V. wvillosa had the most distinct bacterial community structure. In
summary, planting L. perenne+ V. wvillosa in organic kiwifruit orchards in Guanzhong area can be recommended to
help improve soil organic matter and nutrient content to a certain extent, and to improve the soil micro-ecological
environment.

Key words: orchard grasses cultivation; soil nutrients; soil bacterial diversity; 16S rDNA high-throughput

sequencing
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Fig.1 Overwintering rate of different grass species
A Z B E R L perenne; B: B H T V. villosa; C: K K M.
officinalis; D: H =W T. repens; E: BB V. mywros. ANl /NG F 1R
NI g B2 ) 2 S 3 (P<20.05) .

significant differences among different treatments (P<C0.05).

Different letters indicate

x1 AEAEEREBEREREFRMM MBS
Table 1 Weed occurrence and aboveground fresh yield of

different cover crops treatments

Jib 2 T R AL Hb b R R
Treatment Number of weeds Aboveground fresh yield

(plant-m %) (grm?)

CK 197a 742.01bc

Mode 1 108d 1107. 41a

Mode 2 129b 705.57¢

Mode 3 124c 690. 74c

Mode 4 49¢ 885.18b

T RSN E/NG TR KR AN [ b B 2 0] 22 57 .35 (P<<0.05) . TR,
Note: Different letters within the same column indicate significant

differences among different treatments (P<<0.05). The same below.

3R T 20.56% .14.63% . Mode 2 . Mode 3% CK

- SR R W R T R L E R IA B i K F s Mode 2 Mode 4 32 5 A 88k E AL S T T ROR 8.3 (P<<0. 05),

BCKA MRS T 16.70% .16.10%

K2 AEEELEN0~20cm T ETIESKENZM

Table 2 Effect of different cover crops treatments on soil water content at a depth of 0-20 cm (%)

Qb + )2 Soil layer
Treatment 0~5cm 5~10 cm 10~15 cm 15~20 cm
CK 15.02+4.00a 15.714+1.63a 15.6141. 16a 14.6941. 05a
Mode 1 18.3943. 74a 16.90+1. 94a 16.64=+1.22a 16.5841.33a
Mode 2 15.9140. 60a 16.0240. 42a 15.8540. 71a 15.3441.53a
Mode 3 16.3540. 58a 16.18+1. 33a 15.64=0.75a 15.7340.87a
Mode 4 17.4743. 24a 17.2141. 66a 16.0641. 25a 21.15£8.79a
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R3 FARERELEXNLTERS SEHEENZNE

Table 3 Effects of different cover crops treatments on soil chemical and biological characteristics

b ¥ 2 182 AL Tl A Wy ik AP A JOR it 155 BEREBGTE PE BPERRIRABIG M o IR AU T

Treat pH Organic matter ~ Microbial bio- Microbial bio- Urease Sucrase Alkaline phospha- Catalase

ment content mass carbon mass nitrogen activity activity tase activity activity

(g-kg™") (mg-kg ") (mg-kg ") (mg-d g™ (mg:d g ') (mgd'gh (mL-g ")

CK 8.08+0.03ab 18.4340.50d  251.704-33.38a 20.03=3.08b 2.4140.18c  27.47+1.78d 2.8740.07b 5.0340. 04b
Mode 1 8.09+0.02ab 25.55+1.12a  316.46+40.5la 27.29+2.24a 3.37£0.26a 44.17+2.17a 3.46+0.12a 5.56+0. 33ab
Mode 2 8.104+0.02a  19.6240.5lcd 263.40448.33a 23.04+2.29ab 2.91+0.11b  32.43+1. 54c 2.8940. 04b 5.8740. 30a
Mode 3 8.09+0.06ab 20.50+1.61c  236.37+69.03a 21.17+1.67b 2.93+0.14b  33.24+3. 34bc 2.97+0.01b 5.48+0.41ab
Mode 4 8.014+0.05b  22.7240.90b  237.53+44.16a 21.60+2.53b 3.2040.07ab 37.21+1.31b 3.2940. 19a 5.8440.10a

2.3 FARAFRELIEME $AHEIBEG YA

BT W b 23 B Alpha 2 FE 1, H Chaol 48 BRIV IE 7 90 40 2 22 AGiHRES T S WA i 8ol
Goods_coverage /2 48 T 24E W) 58 55 %2, FLEC(E B &5, J0DAE A v 40 b e AT i D o 149 % 2% B I 5 Shannon 48 £k I8 T
{5 B , Shannon $8 BB, 75 A & M, A VE UK, R X AR T R R R 2 2 2 A
SAAEFAN PR - HEAN A Alpha ZHEMEFERC B E 2 5, 5 4P B Goods_coverage ¥ 78 99 % Z2 47, i B Xt + HE 41
TR G2 ) B A 050 oo 14 S8 R, Ty A T b g s b SRR B W . SRR PR Mode 3 - M40 TR R R
B %5, Chaol FUERAE 7 31 543 91 & 3040. 59 F11 2787. 67, 1 HE4H & Shannon 5 %4 & Mode 1>Mode 2=Mode 3>
CK=Mode 4(F%4).

R4 FTREELEX LEMAE Alpha £ A0

Table 4 Effect of different cover crops treatments on Alpha diversity of soil bacteria

Ak 7 Chaol 8% FRAE 7 51 5L Goods_coverage 5 %{ Shannon & 5t
Treatment Chaol index Observed _otus Goods_coverage index Shannon index
CK 2588.44+632. 27a 2420. 33£535.99a 0.98+0.01a 10. 3840. 29a
Mode 1 2870.95+282.03a 2672.67+£662.29a 0.99=£0.00a 10.57+0. 35a
Mode 2 2858.65+382.02a 2688. 33:£258. 54a 0.98+0.01a 10.5440. 18a
Mode 3 3040.59£771. 79 2787.67+333.01a 0.98£0.01a 10.54+0. 20a
Mode 4 2748.83+236.40a 2557.67+£202. 23a 0.99+0.01a 10.3840. 21a

2.4 ARRAAERE EEWME S RGO Y0

5A A BER 4 41 1 B Feature 20 A3 45 AF 40 & 2 B 7%, 54 b B AL AT () Feature % H 4 1338 4~ , CK . Mode 1,
Mode 2. Mode 3.Mode 4 $#4 1Y Feature £t H 4351 &y 2774 3624 .3110,3648 F1 3202, X} 54~ 4b # 1ty + 398 241 0 7 7%
HEAT NMDS 7341, 45 R R BT (18 3) , 51> &b B 4 8 40 G 1 5 20 A B B b, B 45 Ak BRTBDOR B 8 40 0, 2 W1 54> Ak 2
- A TR R VR A A T I 25

HR A BT AT HEAS 16S rDNA ZE 1K B 3= B A5 8 (181 4) , 54 b 33 1 198 A7 0 3540 11 B % A o3 20K 43301 o - 22
JE i ] (Proteobacteria, 25.40%~32.19%) R FF 1 ( Acidobacteria, 19.69%~25.90% ) . 7% % & [ ] (Planctomy-
cetes, 8.76%~17.03% ) . il £k B '] (Actinobacteria, 7.68%~11.12%) . 2 ¥ iff & ] (Gemmatimonadetes,
5.00%~6.95%) 4% F '] (Chloroflexi, 4.50%~6.15% ) JEM i 1] (Verrucomicrobia, 2.20%~5.09%) % i
® '] (Rokubacteria, 2.78%~3.82%) .#L#F & ] (Bacteroidetes, 1.86%~4.26%) . #F & '] (Latescibacteria,
1.8100~2.450) o W LA i, Mode 178 J B '] A0 = Ji f #5 (32. 1926) , Mode 4 W FT B8 '] AR X =F JZ 5 &
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(25.90%) ,Mode 2 1% 55 B ] LR B 1] . 28 2000 B8 1) RN &% 25 1 1 AF X = B 4 i (17.03%0 . 11. 12% . 6. 95% Al
6.15%),Mode 3PLIHLEE 1] 2 BT HUFT B 1 A0 B AT B8 1 1A G =5 B 45 i (5. 09 %4 .3. 82% (4. 26 % F12.45%) .
2.5 FRREAZAT LI mEB LMY LESe £ 7

57 CK
K FH 2 A0 3] 53 B RO K/ D5 25 (LELSe) % A [F] .

K FEMAEHAT T ER S ST+ ; S ke

SRR i S I A R 3 S 22 [E] AT R A TE 19 A AR '

FHo v P S T, 5 AN ) A Ak B A L 49 4 Moda L
WREE A B 25 00 10091 X R B 3%
5t Ho Mode 14778 6 4~ 22 55 W 3 (19 4N 18 43 3¢,
Mode 2 f71£ 34~ 22 5 3 B 40 18 43 32, Mode 4 77 7F 1
AN 265 10 E B AR 3.
2.6 WMABEL LBEABE T 0L £ A
g i — RGN T A BRI A SR A B A Bk el
SRR Y R T AR AL RS2 AL DL K B e R
X b AR Ak By AR Y IR B N L R A R —
3 — TR W) A BRI O R D A R 43 AL
P Sy fift R AR i A W B R R AR L FE T KR
X A A A B RE TR A5 M 5 R IR T HE AT 00 R e B
(redundancy analysis, RDA) . [l 6a i~ T 71 /KF 4

Mode 3

Mode 2
B2 AREELAETTEHME Feature 47 Venn &

Fig. 2 Venn diagram of soil bacterial Feature distribution

under different cover crops treatments

0.3
XEER TS EERE RN T ZE R R,
RDA 1 F1 RDA 243 5l f# B T R AZ 4k 5 17 18. 73% 0.2

11177, Hov pH  Cat 4 40 B A v 25 M ok . A
X Z B E (correlation coefficient heat map ) RE 45 .
L b, JEe 3 HE AN [v] 38 PR 5 TR 1 5 0 T T TR DG
H &1 6b R, 20 B R Vi 45 A8 1) 3 2K P b 28 B R
5 M W R I (Alp) 52 135 UM 5C E & (P<<0. 05) , ¢
LTS pH W3 IEHIDC(P<C0.05) , B R E 115 4

A FE & £ 4k R FE i 36 HE e NMIDS 2

0.1 \
*ICK
Model
Mode 2
0 5] Mode 3
\ l*l Mode 4
—0.1 \ '

P (MBC) 5 8 3% I 6 5 & (P<<0. 05) 02
3 'IEH@ -0.50 -0.25 0 0.25 0.50
Ak B & 2 Yk R % e 4 NMDS 1
3.1 REAXELEW W EAINEF B3 TEMARHELEMNEEESHREST
AHFFE R, AT A B ] A 5k 1 ) R b 4 R Fig. 3 Non quantitative multidimensional scaling (NMDS)

DU B R A X B R R A T A ordination analysis of soil bacterial community structure
F ) Hb b A A AT AR SRR B RS

P i FE R4 S S T I AL R RN L 38 93,4590 AN T AR EL Y 4 Ab B AR A R B+ B3 F b 1
fief P A B £, 36 1107, 41 g-m 7, A] ) R HER AR 2 (PR E Y, O IR W AR B IR

3.2 ARAFELESLIERERE T "

FE — 7 1 3B 7K k38 P, A ST I R - K 3 B B I B AR g A N A R B Y
AP KR X AT AR TR A A L | 2R SRR X R T R e, T LA B e b AR R R Rk g3 i 2
R PR SRR B R A T (0 T B ARRAE 2 5 i b MR B AT ORE RN R 4 RO I B
B ARG AR A A IR O T R RS RO AU S . AR W R 4 N T A R EE
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Fig. 5 LEfSe analysis of soil bacteria communities
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