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Abstract: To investigate the effects of reseeding patterns on soil nutrients and enzyme stoichiometry of degraded
grasslands, a study was conducted in the Dushan of Guizhou, China, using a degraded grassland (CK) as the
control. Two reseeding treatments were established : oat (Avena sativa L. ) + ryegrass (Lolium perenne L. )
(AL) and oat + ryegrass + clover (Trifolium 1.. ) CALT). The results showed that both AL and ALT sig-
nificantly increased the contents of organic carbon, total nitrogen, and available phosphorus in the 0~10 c¢m soil
layer, with increasing by 42.66% and 57.29%, 75.54% and 116.30% , and 90.78% and 155.59% , respec-
tively. Under the ALT treatment, the C/N ratio in the 0-10 cm soil layer significantly decreased, while the N/
P ratio increased, alleviating soil nitrogen deficiency. The activities of g-1,4-glucosidase and 3-1,4-N-acetyl-
glucosaminidase significantly increased by 182.21% and 186.85%, respectively, with a higher increase than
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that in the AL treatment. ALT significantly increased the enzyme vector length in the 0~10 cm soil layer,
intensifying microbial carbon limitation. Correlation analysis indicated that extracellular enzyme activities were
mainly regulated by the combined effects of total nitrogen and organic carbon. In conclusion, the ALT reseed-
ing pattern could effectively improve soil organic carbon and available nutrients, alleviate nitrogen deficiency,
and enhance soil enzyme activities related to carbon and nitrogen cycling in degraded grasslands in this region.
However, it also strengthened the carbon limitation of surface soil microorganisms.
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Table 1  Soil nutrient content in 0-20 cm with different reseeding modes
TR i3 pH 8 EERIRTS A K HAA K

Soil depth/cm ~ Treatment pH SOC/(g-kg™")  TN/(gkg™)  TP/(g-kg™") AN/(mg-kg ) AP/(mg-kg ")

0~10 CK 4.4240.18" 18.5940.18" 1.84-+0.04" 0.4340.03" 51.59+2.50° 11.284+0.62"

AL 5.05+0.37° 26.524+1.01" 3.23£0.15° 0.71+0.13" 51.9644.47" 21.5242.68"

ALT 4.61+£0.24° 29.2443.80" 3.98+0.44" 0.54+0.02% 81.44+45.22% 28.8342.50°

10~20 CK 4.2940.12° 10.84+0.61° 1.32+0.09" 0.35+0.03" 35.31+1.12° 7.20+1.18"

AL 5.00+0.29° 16.45+1.89° 1.89+0.12° 0.56+0.09° 43.19+0.91° 7.94+1.58"

ALT 4.6640.20" 17.58+1.90° 2.37+£0.22° 0.41+0.04" 58.88+2.78" 16.08+1.49°

W2 B ) /NG F iR R [A]— 4 )2 TR BEAS [ b 3 ) 22 57 i 35 (P<<0. 05) AL, Mg dz + A FALT M4 + BAZ 7+ =i, CK iR {7

o TIE

Note: Different lowercase letters indicate significant differences among treatments at the same soil depth (P<C0.05). AL, Oat+ryegrass;

ALT,Oat+ryegrass+clover; CK,Degraded grassland. The same as below
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Table 2 Two-way ANOVA of soil nutrients across different

reseeding treatments and soil layers

% pHfE Ak 2A B A AR
Factor pH SOC TN TP AN AP
T * *% sfkk * kkk *kk
D ns KKk *ok ok ns *okok KKk
TXD ns ns ns ns ns *

T B D, + 2RI sns FoR B0 B35 M, &R P<<0. 05,
R IR P<L0. 01, #+3 /8 P<C0. 001

Note: T, Treatment; D, Soil depth, ns indicates no significance,
* indicates P<C0. 05, ** indicates P<<0. 01, *** indicates P<<0. 001
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Fig. 1 Characteristics of changes in soil elemental stoichiometric ratios under different reseeding modes
TE:C/N LA LR 5 2R &S E; C/P AR S 28 & E a0 I N/P oy LIEAR S 205 21

Note: C/N is the ratio of soil organic carbon to total nitrogen content; C/P is the ratio of soil organic carbon to total phosphorus content; N/P is

the ratio of soil total nitrogen to total phosphorus content
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Fig. 2 Differences in soil enzyme activities between reseeding modes
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Note: BG, -1, 4-Glucosidase; NAG, -1, 4-N-Acetylglucosaminidase; ILAP, Leucine Aminopeptidase; ACP, Acid phosphatase. The same as

below
[ |iBdksihn (CK) 77 ek + Mkd (AL)  [RIRE M + MAZEE + —h 5L (ALT)
ol T
506 a 505 b2
5 0.5 ab XK a ﬁ 04 2 :v:::z:
- % . i Y
504 8 a2 | 2 g
= KR = 03 (R KBS
03 %% = Pooo% 033
X e 2 b ks
X 02 R = XN KXY
201 o £ 01 /%*:'3 oo
g0l 7% Il
’ 0~10 10~20 ’ 0~10 10~20 ’ 0~10 10~20
-+ 398 5 Soil depth/cm 3R EE Soil depth/cm + 395 Soil depth/cm

3 AR EEXELF T EFE
Fig. 3 Enzymatic stoichiometry characteristics under different reseeding modes
5 C NG PR AR G RIS R 19 Ak 24 11 i L (EEAC ) : In(BG) /In(LAP+NAG) , 5 C P 1§ FR A G B I% M 19 fb 2% 1 & L (EEA,p) : In(BG) /In
(ACP); 5 N P& A G HE & M 09 4k 251 i L (EEA ) : In(LAP+NAG)/In(ACP)

Note: The stoichiometric ratio of enzyme activities related to the C and N cycles (EEA(/y) is In(BG)/In(LAP-+NAG) , the stoichiometric ratio

of enzyme activities related to the C and P cycles (EEAy,p) is In(BG)/In(ACP), and the stoichiometric ratio of enzyme activities related to the N

and P cycles (EEAyp) is IN(LAP+NAG)/In(ACP)
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Fig.4 Vector characteristics of different reseeding modes
pH
oH | @ soc 1.0
SOC ® 05
N ‘ . TP
™ | @ ‘ AP 0.6
AP ®e O
AN 00 00O 0.4
Neo o0 000 c
reoee0e0ee @ 02
vle @0 000 ° 00 o oo
Bl @@ 0000 0@
MO ODOO O 0O 000 . L 02
LAP | @ ® ® .o
ACP . . ® . AL AL . ' ® . EEA.\ -04
EEA . . . ® o . O . . EEA_,
EEA, |0 @ @ © @ © @ @0 0600 e
EEA, . o L BN BN . o . VL ~08
VL o0 o0 [ oQo @00 0
VAl @ o oo @ ©° " 0°60m

5 TEMmEHRAAMFHTERSLIERSNEXISH
Fig.5 Correlation analysis of soil enzyme activity and its stoichiometric ratio with soil nutrients

B B AR AR SV 8 €0 R 206 2 o A3 TE AR 56 AR 56, B TR AU AT G R/ +30R P<0. 05, #3878 P<<0. 01, #**3% 71 P<<0. 001,
pH %R pH A, SOC FuR LA ML, TN Fom 280, TP FoR 20, AP FR A4 200, AN FR A 3R, C/N For A HLEk 2, C/P Fors +
HOATHURR b4 B N/P 2R 2 A 20k, BG 3R0R B-1, 4- M A W1, NAG /R -1, 4-N- Z 1 2030 4 W7 1 , LAP R L2 2R 2008 Ik,
ACP R R VEBEFR i , EEA /8 In(BG)/In(LAP+NAG) ,EEA:, %78 In(BG)/In(AP) ,EEAy, 78 In(LAP+NAG)/In(ACP) , VL %
AR L, VA SRR A

Note: The values indicate correlation, with blue and red representing positive and negative correlations, respectively, and the shade of color repre-
senting the magnitude of the correlation, * indicates P<<0. 05, ** indicates P<Z0. 01, *** indicates P<<0.001, pH represents the pH value, SOC
represents soil organic carbon, TN represents total nitrogen, TP represents total phosphorus, AP represents available phosphorus, AN represents
available nitrogen, C/N represents the ratio of soil organic carbon to total nitrogen, C/P represents the ratio of soil organic carbon to total phospho-
rus, N/P represents the ratio of total nitrogen to total phosphorus, BG represents -1, 4-glucosidase, NAG represents -1, 4-N-acetylglucosa-
minidase, LAP represents L-leucine aminopeptidase, ACP represents acid phosphatase, EEA( yrepresents In(BG)/In(LAP+NAG), EEA(p
represents In(BG)/In(AP), EEA prepresents In(LAP+NAG)/In(ACP), VL represents vector length, VA represents vector angle
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Fig. 6 Relative importance of soil properties on vector length (a) and vector angle (b)
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