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Effects of straw and milk vetch mulching on the ecological stoichiometric
characteristics of soil-microbe—sweet potato plants
LI Shao-xing”™, SONG Wen-feng™, ZHOU Yu-ling, SONG Li-xia, REN Ke, MA Qun, WANG Long-chang’

College of Agronomy and Biotechnology, Southwest University, Engineering Research Center of South Upland Agriculture, Ministry
of Education, Chongqing 400715, China

Abstract: There is an urgent need to explore sustainable agricultural cultivation measures and alleviate nutrient
limitations as a response to the problems of soil erosion and low quality of cultivated land in the dry-farming areas of
southwest China. This study focused on sweet potato plantings within a “fava bean ( Vicia faba)/corn (Zea mays)/
sweet potato (Ipomoea batatas)” rain-fed three-crop rotation pattern in southwest China. Four treatments were set
up: no mulching (CK), straw mulching (S), straw and milk vetch (Astragalus sinicus) mulching (S+M) and milk

vetch mulching (M). By studying the content of carbon, nitrogen and phosphorus, ecological stoichiometric
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characteristics and the homeostasis index of the soil-microbe-sweet potato plant stoichiometric data, the effects of
straw and milk vetch mulching cover on soil nutrient restriction and ecological stoichiometric characteristics were
explored. It was found that: 1) The straw and milk vetch mulching treatments significantly increased soil organic
carbon and total nitrogen content, and from changes in the soil stoichiometric ratio, it was deduced that the mulching
treatments effectively alleviated soil nutrient restriction. 2) The straw and milk vetch mulching treatments
significantly increased the content of soil microbial biomass carbon, nitrogen and phosphorus, and showed differences
in the C-N-P stoichiometric ratios of microorganisms at different crop growth stages, with large fluctuations in the
early growth period, and relatively stable values in the middle and late growth period. In terms of homoeostasis
characteristics, except for the CK treatment, the microbial and soil stoichiometric ratios showed strong
homoeostasis. 3) The nitrogen content of sweet potato organs was significantly increased by straw and milk vetch
mulching treatments, and the best effect was achieved in the S+M mulching treatment. The yields of sweet potato
were ranked S+M>S>M>CK. In terms of stoichiometric ratio, S+M treatment was superior. This treatment
prolonged the growth time of sweet potato, and effectively alleviated the nutrient restriction. The stoichiometric ratio
of various organs of sweet potato plants showed strong homoeostasis during the whole crop growth period. In
summary, in the dry-farming areas of southwest China, crop mulching with straw and milk vetch improved the yield
of sweet potato, regulated soil nutrient limitations and resulted in a stable homoeostasis in the stoichiometric ratios of
soil and microorganisms.

Key words: straw mulching; milk vetch mulching; sweet potato; stoichiometric characteristics; homoeostasis
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Table 1 Treatment and operation methods of different biological coverage

JbHf Treatment 457 % Method of operation
X} i Control (CK) M F T 5 . Uncovered land.
FE AP 3 Straw mulching (S) S ZEAEYREF SR RS K AT ZEME YRS A B0 T U)K 20 em 2245 K BE DRI S BE S AE R A /N XN, B B KRG A1
T4 4 7500 kg-hm *(RXCT ), H 855 #1735 5 89 4500 kg-hm *(KU T ) . After planting or transplantation of

crops in the current season, straw of the previous crops were cut into a length of about 20 cm by fodder chopper and

evenly covered in the whole plot. The straw cover amount of fava bean and corn were 7500 kg+ha ' (air-dry weight) ,
and the straw cover amount of sweet potato was 4500 kg+ha ' (air-dry weight).
R YH i Milk vetch muleh- 7 A 5 2R 77 W 4 18] /5 58 = 0%, 48 R 08 T BRSSO E UT R, 6 TR BE A5 2420 8 5 A2 B /N XA i 10 2500
ing (M) kg-hm *(X ). During the growth period of fava bean, harvest and chop the milk vetch in full-blossom period,
evenly covered in the whole plot after corn was transplanted , and the cover amount is 2500 kg-ha ' (air-dry weight).
T+ 28 =m0 3% Straw and RS AT o5 0 A 35 7 15 W) S, 48 25 97 35 5 RTBE 55 7775 W M. The mulching amount and mulching method of straw
milk vetch mulching (S+M)  and milk vetch are the same as S and M.
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Fig. 1 Field planting arrangements

1.3 #&RE
TEH 24K 30.60.90.120 K 150 d BURE , 32 BOAS [] A 387N DX P A KR 0 — 09 30k H 2R Ak e i 42 i
5 2 T R B b B0 B0 S 45, T B B AR AR R R T BB R ) O AR R A Ak SR B AR AR AR B 1 K SRR



534 B 3 W Bl 2R 3] 2025 4 59

AR IR A R U o 4R 24 300 g0 [ B 7E B /N X H S A R 5 ASUBURE I L U A3 VA UCAE 10 em )2 1
JEAR R + 29 300 g0 B R M R BB, — 0y A SRIAT, 55— ik 2 mm 5 J5 R 4 COKAE R AE 00
TR A A Wy i o BT RS SO R AR ZE R K i T DR A PR A A A AT (B4R L FE 105 °C
FARTF 30 min, 75 “CHE 248 I H SRR A Y
1.4 35402

A LR S H A A A i OR FH A TR — A TR I VAR Gk — R TR I A b o VA R R, R AR
F ke HL,SO 1 & — LK E BN E , 28R ik H.SO,—HCIO 0 & — S B Hi b @ " I5E 38 14 C: N
C:PHIN:PALAI R b O ) o B Wik 0 R G0 BE 28 3 P L 3158 3 6B 9 MBC: MBN
MBC:MBP 1 MBN: MBP fb.2# 3t & U (BTt b ) o H 84 &8 5 R H.SO,— H, O, & , 9l I%E & A, 8 3 ht
Loy s i B AR C:NLC:P AN PAE AR e (i FL ) .

TP I R AR R A R R AT IBORE T A I A S e R R B SR R K AR R B
YR EEE TS R R .
1.5 AREI/H

2 i Makino %"l Persson %' 0 5 b AAE W i A 0 5 e 2 1l B AR MR 0 3T S A SR F

e Inx
Iny—1Inc
P H R RN, o TR LIRS i 5,y B AW IR Y e %) M AEBLF IR, ol
R X LU T 88 Iny 5 Ina Z kM &
Iny=1/HlInx+Inc

Ao 1/ H AR S 856 RN B w1/ H<OR, M R R ™R NS ER, MR RIEXREE,0<
1/H<<0.25 RARFAER K R ,0.25<<1/H<C0.50 R/R 8RB B X R ,0.50<<1/H<0. 75 F/n 59 fUE A X &,
1/H>0. 75 WM R RHFEBI LR .
1.6 HIEA I 5 547

A Microsoft Office 2019 Excel # 4 17 # 8 & #1 , % A SPSS Statistics 22 3 #E17 B H FE F Z 500, % A
Duncan’s #f & e 25 2 647 2 8 HA, R Spearman %5 90 3¢ 2% 08 17 45 B 18] (10 405G ¥ 431, 4R B 5 JE AR B 9 201 1)
25 5 1 2 PSR A X FEAR Tukey 6 56 W K 56, 2 P 01 & K BB 22 i 359 76 Origin 2023pro $ 4 H 58 1%

2 GERESH

2.1 ¥ CNPRAASKFHE®

HHEC N P& &R A A F WA AR R B /N AR PR AR AR PR A 384 HLa & & 43 51 R 10. 75~14. 59 g-kg Al
11.79~15.02 g-kg ', MR PR A Mok & 575 4£ B W B, WS SR8 T FEG 3 mi B AR br A ALk & &4
AR AE . T HEA A T AL AE AR RR E WK ANKE N R B S A B AR A I 22 ek . R AR AR AR AR PR
SRR PR A3 A A R Y — B AR AR B A A a0 O AR (1 2) .

3 CoNAE A T W N A8 AR BE 5/ AR B 3 Co N 4EHR 1 14. 26~17. 64, -2 F(H K 15. 77, AE M bR +
B CoNYERFTE 14. 29~18. 91, F ¥ LA 4 15. 49 AN Rl £ F AP A4 A 3 AR PR S5 AR R bR L C: PR L, 24
B WA B 13 C: Pk 35. 15~45. 49, F- 3l 4 40. 16, JEAR R 112 C: P Ky 36. 26~46. 18, F-3 bl K 41. 58;
A E W ARPR SAEMR PR L NP AR5 2. 26~2. 82 F1 2. 17~3. 14, F 2 He Al 43 9 Jy 2. 55 F1 2. 70, # B +
HEN:PBAR TAEMRPR L3 (3R 2) .

o EL M LSS H 2 IR A BR B C R LS A S on S T AT e . RPN AR BE R A A BN BT
- HERE A DL K S B S ) Co N PSR FE R A7 U3 —fR Ab B, 3 4 A b Al 43 AR 2R 0% L W o0 3 A A ke (1R 3) .
MR BR 5 AE AR B 4 e AR UL A, 5 = e b a9 2 W8 S S WL A He 3R 56 v B 0 45 A9 RF & EL 4510485 1) T B X L
Z T FVE R L E D — T, S5 R U H AR AR C ONERIBR ], o NP SR KT & TR, B+



60 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 3

COCKES =B S+tMX& M

Bl - 1.6 1.5
1\99'5"'\ : E~
= = S Eel.0b
85| 2a wWEP2f IE 2 < a,a 3b o
a’ég—? Cc baaa baaa aa E{;}gé baaa e aab aa igééoo'g_ C b aaa 23al
=g3 ik = a " S = 1 m EGE 3 _» 5 ksr-m: ] u |
S A N N TR A e R 4 A A
52 4 = X S =L EEE M S IE i EEEME aEE i EE A X
o5 (B AR R =22 |(H AR A E R 2220 B HK | HE [ HR | ER
SHERIEE E EE E E R 0 AEE G MIEE R aIEE E R MRE EE %
=52 I HK DA K EK =22 [ R EE B A 22202l IS | EK | EK | R | ES
=" L B HR L == R R ==
B0 - _ 16, =15
_ - =)
-y i S & . 10l
iﬁg%ls Sab e aa a s w5Pi2l TE. a3, a W2 T“géﬂ bbb 220 4 waa - Bagp
=08 ] s c Ha 3
ezl BK | ER[E =5 2o0s|3 #E206
o 8 H ] 'HO-: ‘H%«':
B = =§ = - LE g T ge
8 g - ] Rz 3 £S5 204
x—‘)j.085 =§ H - Ef~504 =E R
=22 | HK K| B ZEE 25502
=27 || HS | HK | E TE g =3E0.
Wogo =‘ H H H 0 Ee 0
30 60 90 120 150 30 60 90 120 150 30 60 90 120 150

£ H KEL Growth days (d)
B2 tEANK.SEAMEHRSENHTE
Fig. 2 Dynamic changes of soil organic carbon, total nitrogen and total phosphorus content
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*2 FHECN.C:PHN:PHZEL
Table 2 Changesin C:N, C:P and N:P in soil

712 Lt Stoichiometric ratio + X Soil area 4b 3 Treatment 30d 60 d 90d 120d 150d
C:N R PR Rhizosphere CK 16.43+0.18a  15.83+0.43a 15.154+0.11la 15.98+0.14a 17.64+0. 38a
S 17.17£0.37a  15.79+0.56a 14.6840.15a 14.80+£0.28a 17.26+0. 20a
S+M 17.1140.19a 14.26+0.18b  14.41+0.30a 15.1140.50a 16.7740. 37ab
M 16.40+0.62a 14.80+0.33ab 14.85+0.42a 15.20+0.42a 15.78=+0.55b
EMR PR Non-rhi- CK 18.91£0.67a 15.80+0.3%9a 15.6440.32a 16.340.92a 15.43+0.18a
zosphere S 15.26+0.93b  14.86+0.75a 15.8340.3la 14.57+£0.61la 14.42+0. 26a
S+M 14.4340.47b  16.24+0.58a 15.23+0.68a 15.8540.5la 14.85+0. 66a
M 15.2241.03b  15.73+0.46a  15.30+0.60a 14.2940.26a 15.62+0.31a
C:P # PR Rhizosphere CK 42.03+0.41ab 35.82+0.72¢  35.1540.62b  36.94+0.64a 39.85+0.52a
S 43.72+1.11ab 40.12+1.12ab 39.444+0.61a 40.38+1.05a 42.30+1.23a
S+M 45.49+1.84a  39.064+0.34b  39.6840.70a 39.19+0.97a 41.87=£1.25a
M 41.47+0.71b  41.7740.69a 38.8241.13a 40.32+1.38a 39.77+1.45a
EMR PR Non-rhi- CK 41.01+0.74b  36.26+0.96b  36.3741.26c 37.65+0.73b 39.65+0.16b
zosphere S 42.90£0.43ab 44.49+0.79%  43.4640.57ab 40.01+1.05b 40.57+1. 22ab
S+M 45.25+0.58a  46.18+0.67a 44.414+1.35a 44.41+1.46a 43.55+1.44a
M 42.34+1.54ab 44.25+0.83a 40.70+0.89b  38.44+0.80b 39.81+1.02b
N:P # PR Rhizosphere CK 2.56=+0.01a 2.2740.06¢ 2.3240.04b 2.3140.06b  2.264-0.04b
S 2.5540.08a 2.5440.08b 2.694+0.03a 2.73+0.06a  2.4540.07a
S+M 2.66=+0.08a 2.74+0.06ab  2.76+0.09a 2.60£0.08a  2.50=£0.04a
M 2.53=£0.06a 2.82+0.04a 2.6140.04a 2.65+£0.06a 2.52+0.01la
EM PR Non-rhi- CK 2.17+0.08b 2.30+0.05b 2.33%+0.10c 2.32+0.17b  2.57+0.03b
zosphere S 2.83740. 16a 3.0040. 10a 2.7540.04ab  2.754+0.04a 2.8240.12a
S+M 3.14=£0. 06a 2.85%+0. 10a 2.927+0.08a 2.80£0.03a  2.94=+0.08a
M 2.79%£0.08a 2.82+0.07a 2.66+0.05b 2.69£0.07a  2.55%+0.02b

T R B I AR R 22 . ARG TR R IR [ — 2 DR R 2R BE 2 [0 78 P<<0. 05 /K F- 22 5 L %
Note: The data in the Table are showed as mean value+standard error. Different lowercase letters indicate significant differences among different

treatments in the same soil area at the P<<0. 05 level.
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Fig.3 Ternary diagram of C, N and P content in the soil
P g 5 0 U 0 B IR S % Tian 51 A9 BF 0 45 5L, 1P 45 S 77 1 26 71 C BRI N B S 40 1T 38 8, a b 43 B 28R AR BR 5 JEAR BR £ X . The

purple reference point and purple reference line referred to the results of Tian, ez al''’’, and the arrow direction indicates the enhancement of C restriction

N
N

=4
=
W

and N restriction, a and b represent rhizosphere and non-rhizosphere soil areas respectively.
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phosphorus (MBP) content
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XF %43 (0 WSOR] FA00% I8 52 45 B O a0 BB Z R . B R R A AT SR C: P&
%, T 5 W AE W) 78w A0 3R 9 C P BIR T JC 7 75 b 3, 3 U8 I AN () 7 o A B R H S A AN TR AR B BOR U TR] 11
A AE AW SE B A B AR A R T R DA X A LR B A R R N P AE R 5 A YRR S AR
FE A A S A Y 35 4 BR AR B0 o AR 8 N« P BB B A 6 b A A BN A AR T NP /N T 14, SR
WX HEAERK SR D FEZRINRS, AERBRR T im g, mEmeH N ESHENPYA IR,
S B 5 U IR 2 56 7 A 1 e NSO BT DA 8 b 2 A H S A K e R R Y N R A ) A

{23t N R S Ak A W VR T BB AR AR, 250 gh B B Az B S T VR I 6 R A 4 R T 2 AR
ARG AR AR 1 iR 55 S e T 2 A K U A A g AR v 3 N PR B AR R Y — Ok U AE R RGN



68 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 3

Ttk B , A S AR PR R A 7= ) . B MERE WS R W] BUR b 2 B A BT R A A AR g AR Y B N R A
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FRHRGE B 2K AT, DT 488 1R A A 25 0 00 AR R 1k R A 7™ i

4 Hig

Y5 EERBU A C N PSR KA AR I Z R ), 0F R B ™ B NS C &R . M
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