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Effects of ridge and furrow mulching and phosphorus application
on the ecological stoichiometry of soil-plant-microorganism
system in alfalfa field
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Abstract: From 2011 to 2016, the alfalfa artificial grassland was used as the research object in Zhonglian-
chuan village, Yuzhong County, Gansu Province. The randomized block of split-plot design was used. Two
mulching methods (no mulching with flat planting and mulching with ridge and furrow) and four phosphorus appli-
cation gradients (PO: no P applied, P1; apply 9.73 kg + hm™* phosphorus, P2 apply 19.3 kg + hm™ phosphorus,
and P3; apply 28.9 kg - hm™ phosphorus) were set up. During the period, soil and aboveground plant samples
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were collected every year to analyze the C, N, and P content of the soil-plant-microorganism system and their eco-
logical stoichiometric characteristics. The results showed that, (1) In addition to high P treatment (P3) , plastic
film mulch with ridge and furrow averagely increased soil C, N, C: N, C: P, N : P, soil microbial biomass C
contents, C : N, and C : P by 39.3%, 27.1%, 13.5%, 55.3%, 49.8% , 57.6% , 39.6% , and 43.3% , respec-
tively, compared to no mulching with flat planting. Soil available P under mulching with ridge and furrow averagely
decreased by 13.9%, compared to no mulching with flat planting. (2) Soil C, C : N, plant N, soil microbial bio-
mass C, C : N, and C : P increased with increasing P levels in no mulching with flat planting but increased initial-
ly and then decreased with the increasing P levels under mulching with ridge and furrow. (3) Plant C : N and soil
microbial biomass nitrogen ( MBN) in P1, P2 and P3 treatments decreased by 2.94%, 7.02%, 11.5% and
8.62%, 11.5%, 19.1% , respectively, compared to PO in no plastic film mulch with flat planting. Plant C : N and
MBN in P1 treatment decreased by 10.0% and 24.3% respectively compared to PO, while in P3 treatment
increased by 8.20%, 5.93% and 27.4% , 9.92% , respectively, compared to P1 and P2 under mulching with ridge
and furrow. (4) P fertilization respectively increased soil, plant, and soil microbial biomass P by 67.2% to 164.0%,
14.0% to 34.3%, and 19.2% to 87.0% , and respectively decreased soil C : P and N : P, plant C : P and N : P, and
soil microbial biomass N : P by 29.5% to 51.5%, 30.1% to 54.3%, 13.2% to 28.3%, 6.71% to 19.8%, and 29.1%
to 52.7%. (5) With the extension of planting years, by 2016, soil C, N, C : N, plant N ; P, and soil microbial bio-
mass C : P had cumulatively increased by 49.3% ,33.9% ,11.3% .77.6% , and 126.0%, respectively compared to
2011, while plant phosphorus content had cumulatively decreased by 51.3%. In summary, the growth of alfalfa and soil
microorganisms was limited by N deficiency under mulching with ridge and furrow and a high amount of P fertilizer. This
management practice accelerated the decomposition of soil organic matter, which was not conducive to maintaining the
growth of alfalfa and soil fertility in the semi-arid region of the Loess Plateau. Therefore, when the amount of P applied
under mulching with ridge and furrow is higher than 22.7 kg + hm™, appropriate nitrogen fertilizer should be supplied.
Keywords: ridge and furrow mulching; phosphorus application; Medicago sativa L. ; soil-plant-microorganism

system; ecological stoichiometry
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Note : NM represents no mulching with flat planting, which is used as control for mulching with ridge and furrow. M represents

mulching with ridge and furrow. PO; No P applied, which is used as control for different P levels; P1: 9.73 kg « hm™ P applica-
tion; P2: 19.3 kg - hm™ P application; P3: 28.9 kg - hm™ P application.

1R

it

Fig.1 Experimental design
df  Fval
Year gf 2—9‘,";!2‘3 Year 5 26\];‘35 df FVal‘}l‘E
- M 1 1477 Year 5 21.3
10 0.8 18
P B £ : Do R
e Year XM 5 2.65
532%4 ?5 ‘1"25 YearX P 15 0.34n.s. o 161 vearsm 5 5847
S 8t Mxp 3 26s MXP 3 1677 TE 4| Yearxe 15 1017
w8 Year XMX P ; g YearXMXP 22 M>xPp 300 814
] w0 & 0.6 . = YearXMXP 15 475
%5 T8 2
=% 6 2= 210
2D | SNy A G &2 ==
[ &8 m= g
T2 o 04 &’
T3 4 3 S s
H 1 T B - S S A LR g g
4
2L P o2l ) S . .
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
i 4E B Planting years Fl b 4 BR Planting years Fh b 4 B Planting years
df  Fvalue df  Falue
Ye 5 487 df Fvalue
18 Me‘“ A 619 2800  Year 5 343" 280 T Year p b
M 1 195
P 3 8D P 3 2507 M boo2so]
e doHe e 3 L
15 MXP 3 507 . R{/[e;r;P ;5 331'(3):: YearX P 15 238"
Year XMXP 15 285" =4 2000 e s~ 200 mxp 3 8.81"
E;ﬂ; z ey o Year XMXP 15 4.52 %%n. YearXxMXP 15 347"
X E- = Z
%812 B3 1600 E:g: 160
- 2l =2
Lo 7 1200 +H% 120
9 800 80
400 40
6 L 1 L i L L L 1 L n n L n
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
i HL4E PR Planting years Fh i 4 B Planting years Bk 4 [R Planting years
- {0--NMPO - O--NMP1 - /\- - NMP2 - <%= - NMP3 —i— MPO —&— MPI —aA— MP2 —%— MP3

...... 201146 H #] 45 {4 Initial value in June 2011

1 NMPO: FAEAR B R0 ; NMP 1 PAE R B GRS 9.73 kg - hm™2 ; NMP2; AR R B R 7% 19.3 kg - hm 2 ; NMP3; FAEAR
BT 28.9 kg + hm™2 ; MPO ; 2874 7 ANt ; MP 1. 2835 7 B W 9.73 kg - hm ™2 ; MP2 . 2B B HF 19.3 ke - hm ™2 ;MP3 . 28
PN 28.9 kg - hm™2 . * {R3E P<0.05 K257 W2, « « RFE P<0.01 KF2EF W2, « + =183 P<0.001 KF-25 W3 n.s.

AR 22 5 N W2, R2ZEMENARIERE , T,

Note: NMPO: No mulching with flat planting and no P applied; NMP1: No mulching with flat planting and 9.73 kg - hm™ P applied;
NMP2: No mulching with flat planting and 19.3 kg + hm™ P applied; NMP3; No mulching with flat planting and 28.9 kg + hm™ P applied;
MPO: Mulching with ridge and furrow and no P applied; MP1:; Mulching with ridge and furrow and 9.73 kg - hm™2 P applied; MP2; Mulc-
hing with ridge and furrow and 19.3 kg - hm™2 P applied; MP3: Mulching with ridge and furrow and 28.9 kg - hm™ P applied. * indicates

significant differences at P<0.05 level, * =* indicates significant differences at P<0.01 level, * * * indicates significant differences at P<

0.001 level, n.s. indicates no significant difference between treatments. The error bars are the standard deviation. The same below.
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Fig.2 Soil C, N, P, and their ecostoichiometric characteristics of alfalfa field in different

planting years under mulching with ridge and furrow and phosphorus application
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Fig.3 Plant C, N, P, and their ecological stoichiometric characteristics of alfalfa in different

planting years under mulching with ridge and furrow and phosphorus application
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