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Abstract: [ Objectives ] The growth of Chinese milk vetch (4stragalus sinicus L., CMV) and soil properties
under different application rates of rice straw and nitrogen (N) fertilizer were studied to provide basis for
optimizing high-yield cultivation of CMV and solving the problem of resource utilization of rice straw, and to
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realize the reduction of N fertilizer application rate and increase rice yield in CMV-rice rotation system.

[ Methods ] The pot experiment had 12 treatments, including two factors, i.e. straw and N fertilizer. The three
straw rates were 0 (RS0), 3000 (RS1), 6000 (RS2) kg/hm’, respectively; and four N fertilizer rates were 0 (NO), 45
(N45), 90 (N90), 135 (N135) kg/hm?, respectively. Fresh biomass and the N, P and K accumulations of CMV
shoots were measured. The soil basic physicochemical properties and contents of soil microbial biomass carbon,
dissolved organic carbon, the activities of six soil enzymes involved in soil C, N and P cycling (B-glucosidase; -
cellobiosidase; B-xylosidase; N-acetyl-glucosaminidase; L-leucine aminopeptidase; phosphatase) were analyzed.
Then the correlations between CMV growth and soil properties were further studied. [ Results ] Both
application of straw and N fertilizer significantly increased the fresh biomass and NPK accumulations of CMV.
Compared with NORSO treatment, the combined application significantly increased CMV fresh biomass by
39.2%-323.8%. When N levels were N45, N90 and N135, CMV fresh biomass and N, P, K accumulations were
all the highest in RS2 treatments. The shoot N seasonal recovery efficiency of CMV in treatment N45RS1 was
the highest, which had no significant difference with those of treatments of N90 and N 135 levels. The shoot N
seasonal recovery efficiency of CMV in treatment N45RS1 was significantly higher than those in the others.
Results of partial least squares path model showed that compared with straw application, N fertilizer had
stronger positive effects on fresh biomass and nutrient uptake of CMV. Application of straw and N fertilizer
significantly increased soil enzyme activities. The activity of soil L-leucine aminopeptidase increased at first
and then decreased with the increased amount of straw at all the four N levels. The other five soil enzyme
activities were strongest at RS2 treatments when N levels were NO, N45 and N135, while that in RS1 treatment
was strongest at N90 level. Results of aggregated boosted trees analysis showed that soil readily available K
content and N-acetyl-glucosaminidase activity were the most important indicators, and respectively contributed
52.6% and 30.0% to the fresh biomass of CMV. [ Conclusions ] Appropriate application of rice straw and N
fertilizer significantly increases fresh biomass of CMV, NPK accumulation in shoot and soil enzyme activities,
and promoted nutrient uptake of CMV, which provides suitable environment for the growth of CMV. Straw
addition can increase NPK accumulations in shoot of CMV and contents of soil available nutrients, N application
also has a significant positive effect on NPK accumulation in shoot of CMV. In conclusion, according to the yield
and nutrient absorption of CMV in different treatments, and together with the purpose of straw resource
utilization, 6000 kg/hm* straw combined with N 45-90 kg/hm? fertilizer is the suitable ratio of the combined
utilization of rice straw and N fertilizer. The specific N application rate could be adjusted according to the local
soil fertility.
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Table 1 Carbon and nitrogen amount from rice straw and
fertilizer and the C/N ratio in each treatment

e FawRk  RRAE ADBA
Treatment Straw C Straw N Fertilizer N C/N
(g/pot)  (g/pot)  (g/pot)
NO RSO 0 0 0

RS1 4.27 0.07 0 57
RS2 8.53 0.15 0 57
N45 RSO 0 0 0.16 0
RS1 4.27 0.07 0.16 18
RS2 8.53 0.15 0.16 28
N90 RSO 0 0 0.32 0
RS1 4.27 0.07 0.32 11
RS2 8.53 0.15 0.32 18
N135 RSO 0 0 0.48 0
RS1 4.27 0.07 0.48 8
RS2 8.53 0.15 0.48 14

Tt (Note) : 4b¥r RSO, RS1 I RS2 FR R AR N
0. 3000 #1 6000 kg/hm2, NO~N135 fXFEUGFHE N0, 45, 90 il
135 kg/hm? The rice straw return rates in the treatments of RS0, RS1
and RS2 were 0, 3000 and 6000 kg/hm?; The N application rates in
treatments NO to N135 were 0, 45, 90 and 135 kg/hm?.
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Fig.1 Fresh biomass and shoot NPK accumulations of Chinese milk vetch under different treatments
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AN RE T s FARAL BEE] 22 572 .3 (n = 12) The rice

straw return rates in the treatments of RSO, RS1 and RS2 were 0, 3000 and 6000 kg/hm?, respectively. The N application rates in treatments NO to

N135 were 0, 45, 90 and 135 kg/hm’. Different lowercase letters above the bars indicate significant difference among straw treatments at the same N

rate (n =4),

0.01; ***—P<0.001; ns—JCiE3 225 No significant difference.]

and different capital letters indicate significant difference at the 0.05 level among nitrogen treatments (n = 12). *—P < 0.05;

*k__p <
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Table 2 Soil basic properties under different treatments
Ab 2R (gkg) WA (mg/ke) AR (mg/kg) A (mg/ke)
Treatment pH Total N Niin Available P Available K
NO RSO 5.05+£0.03a A 1.16+0.01 a B 334+0.13b 20.97+0.27 a 142.53 +£2.03b
RSI1 4.97+0.03 ab 1.14+£0.01 a 335+0.09b 1590+£0.23 b 137.68+1.42b
RS2 4.87+0.03b 1.17+0.01 a 4.50+0.12a 1993 +0.58 a 17598 £3.23 a
N45 RSO 497+0.04a AB 1.18 £ 0.01 ab A 3.13+£0.09b 17.90+0.81 a 129.10+£2.81b
RS1 4.92+£0.03 ab 1.16+£0.02 b 4.03+0.27a 16.50+0.40 a 123.23 +£2.04b
RS2 486+0.03b 1.21+0.01a 4.05+0.09 a 16.87+0.70 a 159.95+329a
N90 RSO 494+0.03a B 1.19+0.01 a AB 3.64+0.10b 15.70+£0.43 b 120.17+2.73 a
RS1 484+0.03a 1.14+0.01 b 4.02+0.17 ab 17.08 £0.11 ab 122.58 +4.02 a
RS2 490+0.05a 1.19+0.01 a 428+035a 17.50+0.25a 113.67+3.97 a
N135 RSO 497+0.04a B 1.19+0.01 a A 3.51+0.05a 14.80+£0.29b 111.52+1.35a
RS1 4.82+0.04b 1.19+0.02 a 2.74+0.11b 15.90 £ 0.24 ab 11026 £+ 1.98 a
RS2 484+£0.02b 1.18+0.01 a 323+0.11a 16.93 £0.60 a 110.80+5.33 a
WH ZF7 225781 Two-ANOVA analysis
RS 129" 6.53" 15.38" 9.74™ 33.01
N 3.39" 3.99" 13.54™" 21.64™ 105.01"
RSxN 1.30 1.99 6.96™" 10.87°* 17.65™"

7 (Note) : 4bFEd RSO, RS1 Al RS2 F/RFHH AR 0. 3000 Fl 6000 kg/hm?, NO~N135 103 N jtiH# 0. 45, 90 il 135
kg/hm?; FISIEHRE G AR F/NG FREFOR RG22 57 i (n = 4, P < 0.05), NARE FREFRGATHEAZNEL IR 2E R BE (=12,
P < 0.05) The rice straw return rates in the treatments of RS0, RS1 and RS2 were 0, 3000 and 6000 kg/hm?, respectively. The N application rates in
treatments NO to N135 were 0, 45, 90 and 135 kg/hm?. Values followed by different lowercase letters indicate significant difference among straw

treatments at the same group (n = 4, P < 0.05), and different capital letters indicate significant difference among the group averages of nitrogen

treatments (n = 12, P < 0.05); *—P < 0.05; **—P <0.01; ***—P <0.001.
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Table 3 Soil microbial biomass carbon and dissolved organic carbon contents under different treatments

AbFE Treatment ¥4 Wik Microbial biomass carbon (mg/kg) FJ %445 HLAK Dissolved organic carbon (mg/kg)

NO RSO 67443 £21.60b A 4403+ 1.13a A
RS1 1084.25 £ 82.03 a 3589+1.74b
RS2 727.75+£72.74 b 3543+0.83b

N45 RSO 642.67+37.15b A 39.24+191a B
RS1 923.07+£49.01 a 33.10+£0.49b
RS2 869.66 +76.27 a 35.99+0.86 ab

N90 RSO 74472 £38.29b A 38.10+0.39a B
RS1 939.62 £ 61.64 a 3443+1.26b
RS2 776.16 £ 69.59 ab 3456+0.52b

N135 RSO 726.57+£50.51b A 3421+134a B
RS1 1189.73 £ 87.60 a 33.16+0.51 a
RS2 751.64£585b 35.84+1.88a

WH 2722508 Two-ANOVA analysis

RS 0.60 18.27""

N 0.14 6.48™

RSxN 0.14 377

7 (Note) : 4bFEd RSO, RS1 Al RS2 F/RFEHIIRMERAKI N 0. 3000 Fil 6000 kg/hm?, NO~N135 10 N i 0. 45, 90 il 135
kg/hm?; [FFEUE G A F/NG FHRF R BRI Z R B3 (n = 4, P < 0.05), NRKEFRITRFAHFEEARRZICA I 2 5 5%
(n =12, P <0.05) The rice straw return rate in the treatments of RS0, RS1 and RS2 were 0, 3000 and 6000 kg/hm?, respectively. The N application
rates in treatments NO to N135 were 0, 45, 90 and 135 kg/hm?. Values followed by different lowercase letters indicate significant difference among

straw treatments at the same group (n= 4, P < 0.05), and different capital letters indicate significant difference among the group averages of nitrogen

treatments (n = 12, P <0.05). **—P < 0.01; ***—P <0.001.

SRUNE 2 2 A 3O FH R 2 R S 58 2 8 gy ™ ) i 2
it o R0 3R Il Ac R Al DA T Sz WA 2 S i 0 sk 2L
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o g A AL AR R AR R . fE S R A
JEZAE T, FEFDAS A5 2 3 R A R R s
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Fig. 3 Extracellular enzyme activities of soils under different treatments

[7£ (Note) : Ab¥vi RSO, RS1 Al RS2 F/RAEE AKX A 0. 3000 FT 6000 kg/hm®; NO to N135 {83 Njifi it 0. 45, 90 Al 135
kg/hm’, A [ ARFING SRR AR R T F R A ] 22 7 B3 (n=4, P<0.05), NFKEFRFR AT AR 25 50
The rice straw return amount in the treatments of RSO, RS1 and RS2 were 0, 3000 and 6000 kg/hm?, respectively. The N application rates in
treatment NO to N135 were 0, 45, 90 and 135 kg/hm’. Different lowercase letters indicate significant difference among straw treatments at the same N rate
(n=4, P<0.05), and different capital letters indicate significant difference among the group averages of nitrogen treatments (n = 12, P <0.05).
*—P<0.05; **—P<0.0l; ***—P<0.001.]
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Fig. 4 Contribution rate of different soil properties on Chinese milk vetch fresh biomass
[7E (Note) : AK—@#Z{4] Available potassium; AP—AG % Available phosphorus; TN—4%( Total nitrogen; N,,,—# 5 % Mineral
nitrogen; MBC—fi{/E #) & % Microbial biomass carbon; DOC—TH] % M4 HLiK Dissolved organic carbon; BG—p-#i 45 b4 HF p-
Glucosidase; CB—pB-£F 4 B4l p-Cellobiosidase; XYL—B-AMiH A} B-Xylosidase; NAG—Z Bk & JE 75 %5 Wi 45 i N-Acetyl-
glucosaminidase; LAM—3% 2 FRE LKAl L-Leucine aminopeptidase; PHOS—W#i R/} Phosphatase. ]
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Fig. 5 Interactions between soil properties and Chinese milk vetch fresh biomass and shoot nitrogen,
phosphorus, potassium accumulations
[{E (Note) : RS—FEHF ML Rice strawrate; N—Jiti (it Nitrogen application; ENZY—Jfd /M6 PE Extracellular enzyme activity; BG—p-
WA BE T B-glucosidase; CB—pB-£F-4E —#i1 lf B-cellobiosidase; XYL—PB- AWM B-xylosidase; NAG—ZBEa 37 45 M 1 B N-acetyl-
glucosaminidase; LAM—45 4 2 & JEIKEf L-leucine aminopeptidase; PHOS—W§fiR [ Phosphatase; DOC— ] A PE 4G MLk Dissolved organic
carbon; MBC—/#/f: ¥ i Microbial biomass carbon; TN—4% Total nitrogen; N,,,—#" 5% Mineral nitrogen; AP—A5 % Available
phosphorus; AK—# 54 #ll Available potassium; Fresh biomass—£ 5=t ; Shoot NPK—H [ #BABEHN I FLE G, Shoot N—H A E
Z iR Shoot nitrogen accumulation; Shoot P—ih I #B#2 B4k Shoot phosphorus accumulation; Shoot K—Hli [ #fi# 2 B it Shoot
potassium accumulation; i3k 52 BUE bR LAY #% 1% 22 $X Numbers next to the arrows are the standardized path coefficients, SZ2kF/R5E

GOF =0.56

¥, BLEREMA L A solid-line path indicates that the effect is significant and a dashed-line path indicates that the effect is not significant;
GOF {2/ AI AL The value of GOF indicates the goodness of fit of the model. *—P < 0.05; **—P <0.01; ***—P <0.001.]
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