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Effect:s‘uof 24 Years Different Straw keturn on Soil Carbon, Nitrogen, Phosphorus,

and Extracellular Enzymatic Stoichiometry in Dryland of the Loess Plateau, China
YAOQ Zhi-xia' , ZHOU Huai-ping”, XIE Wen-yan®, YANG Zhen-xing”, CHEN Hao-ning' , WEN Yong-li', CHENG Man'*

(1. Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China; 2. College of Resources and Environment, Shanxi Agricultural University, Jinzhong 030031,
China)

Abstract . Exploring the biogeochemical cycle characteristics of soil carbon, nitrogen, and phosphorus in farmland in the dryland of the loess plateau can provide scientific
basis and technical support for efficient crop production and sustainable land use. Here, based on a long-term (24 year) straw return field experiment in Shouyang, Shanxi
province, the effects of different straw return regimes, i. e., straw mulching (SM), direct straw return (DS), animal-digested straw return (AS), and non-straw return
(CK), on the stoichiometric ratio of soil elements and extracellular enzyme activities were studied. The vector angle and length were calculated to indicate the resource
constraints faced by microorganisms. The vector angle was greater than 45° and less than 45°, indicating that microorganisms were limited by phosphorus and nitrogen,
respectively. The greater the deviation from 45°, the greater the degree of limitation, and the longer the vector length, the more severely limited by carbon. The results showed
that (@ the soil C/N and C/P of long-term straw returning ranged from 9. 81 to 14. 28 and from 14. 58 to 21.92, with the mean values of 12.36 and 17.51, respectively,
which were 6. 0% and 4. 2% lower than that at the initial stage of the experiment. The soil N/P was distributed between 1. 27 and 1. 57, with an average of 1. 42, which was
2.2% higher than that in the initial stage. The soil C/N and C/P ratios showed a trend of first decreasing and then increasing, the soil N/P ratio basically showed a flat trend,
and there was no significant difference in soil element metering ratios between different straw returning treatments. @) Compared with the 24-year long-term non-straw return
treatment, the activities of 8-1,4-glucosidase (BG) and B-1,4-N-acetylglucosaminidase (NAG) in the soil of the long-term straw mulching treatment increased by 134. 4%
and 107.5% (P <0.05), the activities of BG and alkaline phosphatase (AP) in the soil of the long-term straw mulching treatment decreased by 59. 3% and 59.5% (P <
0.05), respectively, and the activities of NAG in the soil of the long-term straw mulching treatment increased by 102. 8% (P <0.05). Under the long-term straw returning
treatment, soil microorganisms were faced with carbon and phosphorus limitation as a whole. Long-term straw mulching aggravated microbial carbon limitation, and animal-

digested straw return could alleviate the degree of carbon limitation. Compared with that in the 24-year long-term non-straw return treatment, soil EEA,  could be significantly
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reduced by the animal-digested straw return treatment, and soil EEA ., could be increased by the direct straw return treatment. The three straw returning methods had no

significant indigenous effect on soil EEAy ;. The overall vector angle was greater than 45°, and the vector length increased by 3. 8% -20. 1% compared with that in the initial

stage. @) Correlation analysis showed that C and N inputs were significantly negatively correlated with BG activity; available nitrogen was significantly correlated with NAG

activity, AP activity, and EEA,\ ; C/P was significantly positively correlated with EEA y ; there were significant correlations between N/P and NAG activity, AP activity,

EEA. . and EEA ;; and there was no significant correlation hetween EEA,, and any environmental factors. In conclusion, the availability of soil nitrogen and phosphorus

elements and N/P ratio had significant effects on soil extracellular enzyme activity and stoichiometric characteristics under different long-term straw returning treatments. In the

future, more attention should be paid to the improvement of organic carbon and the promotion of nitrogen and phosphorus availability in farmland soil in soil-efficient cultivation

and agricultural production activities.

Key words: long-term straw return; soil nutrient; extracellular enzyme activity; stoichiometric ratio; resource constraints
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22" FKIR. FIH Pearson AT #EAT 3T R K
Hitat e JabbEgs e S O S A %R o0
FRIAR A 7T

2 HBRESH

2.1 AR[EIFEFFIL HACFE + 380 234 H AR LR AE
1992 4E R i B W 4R 4F, T 2001 4| 2006 4 F1
2016 A A3 FH AL BE 3 A AL . S FIA AL
R BEEE SRR 2 k.
B AN 6] 5 FF 38 BT B 386k . S0 T
Tha 0y 52 . 5 R B (1992 4 ) L HE C/N I

C/P 4340 13. 15 A1 18. 28. KA 6] 5 1 16 W Ab
A C/N F1 C/P R 4058 9. 81 ~ 14.28 FlI
14.58 ~21.92 , ¥{H 535 R 12.36 F1 17.51. A [A]
FEFFIA M )5 R F 4% C/N F C/P Bl A 4E A% 24 5
PR SE RS T 0y A2 fta #, +58 C/N A C/P
BIEAE 4 Fhad M AbBE ] 3400 0 M 22 5. iR 4
B HE N/P o 1. 39, KBRS #F i H b 3 4 48 N/P
AL AE 1. 27 ~1.57 216, W R 1. 42. K
NTRVHG AP T AL BE - 558 N/ P B S 0] 4 3% R A {15
NS H A 18 N/P Y{ETE AN [R] 38 Ak 38 E] 35 76 &
FVE2S. B DL LA KA A AT O AL
A DLAR R /N A C/P X N/P BN R R
L

Table 2 Variation characteristics of soil nutrients under different long-term straw returning treatments

®2 KETERFIHLELTERSEEY

s i w(S0C) w(TN) o(HRED) | e(TP) o L)
/g'kg_] /g-kg'] /mg-kg']‘;‘,_ /g-kg_l '/m:.g."kg"-
PG E 1992 13.81 4105 117.69 , 0.76 iy .
2001 14. 03 1.06 103,30 ' 0,80 BT
—— 2006 .3“11”..90 120 2.6 ), 0.77 1:9, 4@-»" 4
A 2016 11653 6 59.33 0.81 32. 11,
r A 14058/ L7 4711448 8fl 7aa @ 0479AB 21,994
o | ] oo Rt 4 X 98/00 0. 82 16,64
A -7 2006 G ‘.91.;2) 2 o 2.5 % |
. 2016 w20 ¥ 127 59:33 | 0.81 32.30
~ 4 -, WM 1g420 | 4 1.17aB 82814 0.81B 24,8347
@ VI 5 2o Lass [0 K4 99.20 0.84 27.23
SIS i 2006 13463 — FE 82.20 0.90 56. 04
i i 2016 17. 60 = 1.27 72.31 0.93 73.72
L 15. 26A 1.27B 84.57A 0.89C 52.33B
2001 13.20 1.01 78.50 0.78 14. 60
REH 2006 10.97 1.04 69. 00 0.75 17.09
2016 15. 46 112 53.77 0.75 28. 88
By 13.21A 1. 06A 67. 09A 0.76A 20. 19A

1) RRIKRE SRR R AR RE AT AR 25 5 825 (P <0.05)
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Fig. 1 Effects of different long-term straw returning

on the ratios of soil carbon,nitrogen,and phosphorus
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P FEFF A A W 4 BG KM 2016 4E R FH ST
H AP 4ESY. 2016 47 5514 H AP + 3% BG 1% M
4797.20 nmol- (h-g) U R T H A 3 Rk H
AL FR, AN [R]AS FF 38 [ AL BE 4 38 NAG A1 AP 15 PE7E
FEl 23 51 A 2.02 ~ 19. 14 nmol- (h-g) ~' Fl 2. 36 ~
19. 38 nmol- (h-g) ~', " FFEREFF L 244 H AL B A
I A P Ak UL 32 it o] A 4 RS 2 R R A, 4
AP EMEAERE AR 35 30 T 3R B R 2001 AE B E & T
2016 4E. 2016 4F 1+ 3 NAG 75 Pk 26 Bl o 7 55 6 1
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FRALBE. 25 b 5 A IAH L, MRS A B 2 a1 -
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0.05) , KIIFEAT B30 W 8 25 A 1 4% BG % -]
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g Fig. 3 Effect of different long-term straw returning on the
§ stoichiometric ratio of soil extracellular enzymes
B
b= 4.02, 1.34 ~3.29 F10.59 ~1.06 Z[a], ¥I{E 5351 K

A
RAFIE | A 5
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Fig. 2 Effects of different long-term straw returning

At

on soil extracellular enzyme activities
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EEA .l EEA ., 0 2016 4F 535 & T4k B A 5
H K WIFS AT B34 T 2016 4F 148 EEA 73512
2006 4F Fl 2001 4F /Y 2.20 f5 1 2. 66 14,2016 4F
EEA 43702 2006 4E 12001 4-#9 1. 91 £%5F1 2. 06
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EEA. (P <0.05), B 440 H AT DL 25 38 5 + 1
EEA., (P <0.05),3 F 5 # i& H J5r XX X + 4%
EEA Y70 8 3 5.
2.3 ORI[AIFEFFIA &b P - 598 A A1 B o 4 ) AR
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] 4 2] ,1992 4F A el Ak~ 1 19 ) 52 4 2
INT 450 Zead KA [ R FF 34 Ak 2 i S £ B 6L
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ZBERIBREI & 4 (a) ]. Bl 4(b) w7575 55
I A 3 0 K R R B . 2016 A >

2006 4 >2001 4, i 15 B 76 F #F 25 25 6 H A 24 fifi
TR HERS | 4 A W 32 20 sk 1 B o 384 5. £
S WA A ) K BEAE 2001 AE RPN 7 15k i
b3 =, B TR IS A A B ) A I
AR FRARAIG 5 2006 4F- 32 YL H B H4A R 16 8 Ak
PRI EAR T A A AL B, 2016 4FEF5 #1755 146 W
B RN AS 8 H Ab B 3 AR — B0, 3 7 8 H Ak B
BRI T AL PR 2 AR 11, 4% . DL E45 SRR K
RS FT 0 FH - 498 6l A 0 5 4 T 11 sk B i) 0 e B
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I 5 A 3R AP HEAT Pearson A1 40 BT, 4
BANFE 3 B R, BG IE M S AR AR AR D
EMAC,NAG FI AP S LA QA E B E

IEA G, 5 5 N/P B E Sl B A G
EEA 5A A 2 & A, HXERE N
-0.741; 5 C/P F1 N/P ¥ 5§ #F E A, &
ZHBr M 0.616 F10.596. EEA.,5A AL
WERAE, M LRECN 0.630; 5 N/P ERBFE
IEAOG A C R BN 0. 595.

*®3 TEAERHITEL, EIEEERETERE TEFERFSHHEXES T

Table 3 Correlation analysis of soil elements, soil extracellular enzyme activities, and their stoichiometric ratios

B-1,4-N-Z. Tt i b

B-1,4- A% E T it R R THIA TR AL - SRR L IR L

EERiIR TS -0.319 -0.291 -0.250 0.373 0. 267 -0.374

2R -0. 485 -0. 444 -0.510 0.168 0.242 -0.034
AA 0.250 0.588* 0.635* -0.741* -0.630* 0. 506

e -0.238 0. 092 0.073 -0. 400 -0.302 0.274
EEE L -0.436 -0.300 -0.318 -0.018 -0.033 -0.089
A L 0. 003 0.018 0. 107 0.248 0. 082 -0.355
Tl Lt -0.253 -0.370 -0.317 0.616* 0. 438 -0. 561
AL -0. 449 ~-0.679* -0.760** 0.596 * 0.595* -0.309
AR A -0.609 " -0.283 -0.358 0. 100 0.171 0. 005
AA —0.605* -0.445 -0.556 0. 367 0. 409 -0.142
BEIEA -0.447 -0. 206 -0.169 -0.153 -0.169 -0.054

1) * FREFBE(P<0.05), o FREFHEE(P<0.01)
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