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Abstract: Soil nutrient deficiency is a key factor limiting crop growth and yield, but also threatens the survival of crops. In
order to improve soil fertility and crop yield of sloping farmland in karst area of Southwestern China, the experiments were
carried out in Qianxi county, Guizhou province for two consecutive years from 2018 to 2019. We explored the contents and
the ecological stoichiometry characteristics of soil carbon, nitrogen, phosphorus, potassium and revealed the soil nutrient

status and soil improvement effect under different straw mulching application rates through this experiment. There were six

straw mulching gradients of maize monoculture+straw mulching (SM,—SMj,, 0, 1111, 2222, 3889, 5556, 6944 kg/hm’) , in
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which SM, was the control cheak ( CK). The results showed that: (1) straw mulching increased the contents of soil organic
carbon (SOC) , total nitrogen (TN), and total phosphorus ( TP) in different degrees, and generally increased with the
increase of mulching rate. Especially in SM, and SM;, which were significantly higher than those of the CK (P<0.05) , but
there was no significant difference between them (P > 0.05), while total potassium (TK) decreased with the increase of
mulching rate. (2) Under the condition of high straw mulching (SM,, SM,), the stoichiometry ratio of soil nutrient
elements in two years was significantly higher than that of the CK ( P<0.05), except for N: P, but there was no significant
difference between SM, and SM,(P>0.05). (3) Under the condition of straw mulching, the C :N and C :P in soil were
lower, which accelerated the mineralization and decomposition of soil organic matter, and also showed that the availability of
P was higher. (4) The crop yield of each mulching treatment was significantly higher than that of the CK (P<0.05),
especially under the condition of high straw mulching, the yield of crop increased significantly, and the yield of SM, was the
highest. The research showed that straw mulch on the ground is an important source of soil nutrients, which can be used as a
supplementary means to supplement the soil nutrients absorbed by crops and lost with soil erosion. Based on the crop yield,
the principal component analysis, grey correlation analysis, difference significance, it is suggested that straw mulching in
about 6000 kg/hm’ should be adopted for sloping farmland in the karst area of Southwestern China to promote the restoration

of farmland ecosystem and achieve better effect of soil fertility and crop yield.

Key Words:; straw mulching; sloping farmland; soil nutrient; ecological stoichiometry; yield; karst area of Southwestern

China

VU 0 ST DX B A AR T AR R R A T e L TR (1 Ml K o R TR AR R e S AT 0
TR BRI, SRR TG R TR DX AR A T B A B B AN A B R R T X
b K 202k . HERIE , B C sk 4 R i 307 XK 02k A SRR, He b S 48 8 ™ L 90% g 70
TR A AU TS, 0 A b Xt A o8 R R R B LR A L SRy, S 80T
—RINVAZS AR KA N, 13RI B K L B AR IR K, T i SEAT R R, I T LR R
117 A SRS TR R = A OGS N R | MR I R K IR o AL R A K S B = IR, 1
IR IR BRI BRAR T MR 2 W) A AR 28 5 8 22 1) % i A 0 e, S i R T ) e R i - 8
(¥ C NP K A2 AR O B, /K e U0 i A 3B 0 0 e, 7™ i 2 T DX T R
KR,

AT B st s A Sy — Fof DR 4 R BV 18 06, T A 280t Dl 2 - S8 37 73 B 7K b B9 37 2R T3 2k, i g - S
St PR S T R RS R R —RhGE b A BT, WA R A0 IR T 3 R A TR A R R A TR B Y
PRABROR  BEAh  REFEVE g — R BB, AR B 8 F 5 0 8 3R B, 5 SR I T oy 348t ¢ N
P K AEFRITRY AR R AR T AN ST R R AR OC R, AR L RO AT BRIz
B R PR 0 T B E AR KR A I A e

F [E T Jr At AT 7wt 16 2 AR T v G B g DR X R ZR AL R 1 X, LA )z M O R AT i vl LA g
o RS R T (AR DGR T R W S R AT R S AR AR i BN I R RV R R X
RAT B IRAE B , (HAE S RS B R, S SR 5 A kL, KR 2 BB be 3 1 1 BR 858 75 e AN BT IR
B o BLA, VU o R e DX O T A i A A DG AT 9 e UL T, L I Y g 1o 0 e DX A L 304 OGRS
e PR A2 A A R AR AR R 4

A E R PRI A S R G RE -5 2 AL F U R P — TRk SR TS0 AR S R G0 o BR A
AP T8, TR TCR AR S R P RS 4 OGRS € N P K B LI E T
2[Rl A AL )y i B B BER AR, AR AR i R A vl LAAT 5 0 S 7 BR i 21 B M B i, e ke
HEAALRE S ABDIRIL T BRI, T AR A 25Tt A B o i P 3 2% R 3R A0 AL RFAE

http ; //www.ecologica.cn



4430 A E = 2%

Zi b T RS AT S B T T , AR ZR W Ut DR AT A = 0 A 25 A~ T B R 1) 52 i) Bl B AT B e
BRI E, I, ARSCHRIBTSE H A RS 1) BT 55 RIRS AT L 3 R T 3R 20RO B AR b s i e
i F s RS RG ) C NP K JTERAPERR FEHLH S5 A L 24956 2% 5 2) B S8 [R) RS AT B 3t 300k 1 3y il
RACR  RREET LRI 00T FURS T 55 i 3) J 0 B AR /N DX, S V4 pig Wi 30 4 DA T A 25 R ek
525 AR AR A

1 #RFTTE

1.1 RS IXHENL

TFGEIXAor T8 48 B T B8 75 H 4 22 41( 105°47'—106°27" E,26°46'—27°21' N) , F-21154% 1250m , J& ¥
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3 IEREAH E T RUE(GR 1) 20w TR HLER (SOC) LB A HLEK (TOC) A& (TN) 2 (TP) &4
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Table 1 Soil background value of mulching planting plot
SOC/ (g/'kg) TOC/ (g/kg) TN/ (g/kg) TP/ (g/kg) TK/ (g/kg)
3.27 10.54 0.57 0.62 19.91
SOC : 45 HLE% Soil organic carbon; TOC : B 45 HLEE Total organic carbon; TN: 4> % Total nitrogen; TP; 4 W Total phosphorus; TK; 4= 4

Total potassium
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Fig.1 The contents of soil nutrient under different straw mulching rates
CK: X} 8 Control cheak ;SM ; % #1 15 f Straw mulching; SM, : 1111 kg/hm? ; SM, : 2222 kg/hm? ; SM; : 3889 kg/hm? ; SM,, : 5556 kg/hm?; SMj ;
6944 kg/hm? ; Bl P58l 0 P BB AR E2E (n=3) | Al —4E AR R/ NE FREFR AR AL B 2 [7) 35 4325 5+ 8 . ( P<0.05)

22 RREIFSFAI G RE L 55 T L& TR =i L

M 2018 A [FIAE AR 3R 0 I TR TR R (£ 2) , & A S 2A T2 AR R A R
FHAE 55 2R 1 i S 1 i ke A o+ 48 NP N K P K i g ia s, Rla oy LIE ) s RS A
TR (SMFT SMy ) £5 TR Tt LR A S B 5, 39 3 3 & X (P<0.05) B SM, 5 SM, Z 1] 25 5 A
BEP > 0.05),

M 2019 FEEHEFR , 13 C N C:P (C:K P K W B AR 55 i i 1Y I0 2 55 i a3, 76w fl AT 8 1 %
ZFF (SM, A SM ), ot e [AlRE i 250 T CK(P<0.05) B Z M 22 2 A (P > 0.05) , H3EN KN
it 25 A P T R A 2 S A B O EL RS AT 7 35 3R A (SM, A SMy ), e bb f 3 v T X R
(P<0.05) {H SM,Fl SM,Z [A] ) 22 5 AR (P > 0.05) , FEFFEE 5 X L NP B2 AN 9, 4% 5 55 2 1) %
AREER(P > 0.05), [FE,IRATEIICFEFHE 55 300 1€ NP N:K P K B2 AP, SM, SM, 5 CK
ZB TR EZS (P > 0.05),

23 HEEIFRFHMES S TRMLR

HAECHES AT J0 (£ 3) , 138 C 5 N P .C:P C:K P:K 2B ¥HFEME(P<0.01),5 C:N N:K 2
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(P<0.01),5 P .C:P 2R FIFMIE(P<0.05),5 C:N N:P EAREIEMHL, 5 KERARERMAGP Y
C:N.C:K.P:K 2 B FIEME(P<0.01),5 C:P BB FIEMAK(P<0.05),5 N:K 2 AREEEHRK, 5 KN
P REAEEGAMAE;K S C:N.C:P.C:KN:P N:K . P:K¥ERBERMERT N:P I KR RILZ
[ fFfE s 2 o i i E SR R

Fz2 2018.2019 FARRABEHBEEEIN TEE SN FITEHMEN N

Table 2 Effects of different straw mulching application rates on soil ecological stoichiometry characteristics in 2018 and 2019

A N (i AL Treatment

Year Stoichiometry CK SM, SM, SM, SM, S

2018 C:N 4.682+0.806h 5.267+0.783h 9.340+1.261a 9.359+0.948a 9.499+1.313a 9.434+0.433a
C:P 4.704+0.647¢ 6.713+£0.995bc 7.611+1.335b 10.661+3.196a 10.577+0.885a 11.378+0.288a
C:K 0.137+0.031d 0.199+0.032d 0.303+0.037¢ 0.347+0.045¢ 0.482+0.043b 0.572+0.026a
N:P 1.009+0.042h 1.275+0.008a 0.813+0.080c 1.126+0.228ab 1.119+0.067ab 1.208+0.072a
N: 0.029+0.002d 0.038+0.001¢ 0.033+0.001d 0.037+0.001cd 0.051+0.003b 0.061+0.006a
P:K 0.029+0.003¢ 0.030+0.001¢ 0.040+0.004b 0.034+0.006¢ 0.046+0.001ab 0.050+0.002a

2019 C: 3.468+0.934¢ 5.810£0.530b 7.343+0.539ab 8.322+0.370a 8.618+0.771a 8.819+1.550a
C:P 4.889+1.643¢ 8.207+2.695ab 8.078+1.802h 8.872+1.729ab 11.139+0.420ab 11.230+1.568a
C:K 0.239+0.050d 0.406+0.081c¢ 0.457+0.056be 0.584+0.065h 0.833+0.092a 0.896+0.109a
N:P 1.397+0.120a 1.400+0.389a 1.099+0.216a 1.073£0.253a 1.303+0.168a 1.317+0.384a
N:K 0.070+0.005bh 0.069+0.009h 0.063+0.010b 0.071+0.011b 0.097+0.014a 0.079+0.027a
P:K 0.050+0.007¢ 0.053+0.016¢ 0.058+0.008¢ 0.067+0.012abc 0.075+0.007ab 0.080+0.008a

CK: %18 Control cheak ; SM: 57 5t Straw mulching; SM, ;1111 kg/hm?;SM,:2222 kg/hm?;SM ;:3889 kg/hm?;SM,,: 5556 kg/hm?; SM:6944 ke/hm?; C :N . %
LE5C PR LE ; C K BR BT LL NP AW LL s N K BB L P K BB LG s R B A P I (B R 22 (n=3) | TR/ ING SR R AN [ Ak B2 i) 2 57 8. 3 (P<
0.05)

£33 IEFSSESESUFHELZENEXRY

Table 3 Correlation coefficient between soil nutrient content and ecological stoichiometry

C N P K C:N C:P C:K N:P N:K P:K
C 1
N 0.921** 1
P 0.963 " 0.822" 1
K -0.369 -0.520 -0.227 1
C:N 0915 0.693 0.951 " -0.071 1
C:P 0.979 " 0.897" 0.915" -0.282 0.914" 1
C:K 0.990 ** 0.952"" 0.930 " -0.485 0.858 " 0.962 " 1
N:P 0.010 0.373 -0.217 -0.439 —-0.348 0.062 0.108 1
N:K 0.846 " 0.964 " 0.722 -0.727 0.564 0.799 0.908 " 0.451 1
P:K 0.975"" 0.918"" 0.938 " -0.538 0.852" 0.920 " 0.988 " 0.023 0.896 " 1

CAMUIR N 2ZGP 2 K 2805« o« F/RTE 0.01 K2 E A M « FIRTE 0.05 K- 5L B EHHE

2.4 A[FEFSFFE RN 1 C N P K A A 1 S A
241 ETERIINIONEN LIRSS N

A 3k 3 A AT T i S M AN RIS AT i R R SO E T HRERHIE A R W, D F AR R BTk T
85% 1Y JEUAR P T80T (K 4) o BT R0 R T STk 70908 69.81% F1 93.57% , BIVEG P 4> 3 73
Sl AE IR e AE ) RAL i R A dahr s i ok o PRI e S A3 a0 A 05 3 e A AN TR AT 2t R
SR o e HAR =T R R AR AR MR T SRR

K3k 4 P RBAEEACA RO A X (D) TR A R 91520, FRAR G 22 50 (2) THEAG Hh 4% Ab PR
LB (3R 5) . RIPEEEIG B RN RS 160 THEAC Ty ok R RCRBGF . W LUA Y BEE R AT
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TR NS b PR 25 A ARt 2 $ 5, 45 A0 PG - SR AE ol R SRR VR SM > SM, > SM,> SM, > SM, >
CK, H:rr SM, A1 SM T 4= 458 ek R A RICR S, 17 CK R 6 SRR (SM, —SM, ) FUIE O T, Z7-5 1553 0 SRUE, XF
- R AR 2

F4 ETHSDWER
Table 4 Results of the principal component analysis
Dbt S Al P/ T B 1 L2
Analysis items Principal Principal Analysis items Principal Principal
component 1 component 2 component 1 component 2
C 0.147 -0.025 N:P -0.127 0.459
N 0.086 0.154 N:K 0.053 0.243
P 0.171 -0.132 P:K 0.130 0.028
K 0.043 -0.362 FFEAE Characteristics rate 7.463 1.894
C:N 0.188 -0.219 IRk Contribution rate/% 69.81 23.76
3k
C:p 0.144 -0.031 i :ﬁj}v\ionmhunon e/l 69.81 93.57
C:K 0.128 0.040

x5 BERELTERNURGESESRAS

Table 5 Comprehensive scores and ranking of soil fertility improvement of different treatment

Jb3 Faar 1 F a2 Lt H4
Treatment Principal component 1 Principal component 2 Comprehensive scores Ranking
CK -1.409 0.510 -0.919 6
SM, -0.087 0.372 -0.522 5
SM, 0.150 -1.621 -0.280 4
SM, 0.249 -0.744 -0.003 3
SM, 0.913 0.342 0.719 2
SMj 1.052 1.140 1.005 1

2.4.2 T IREICHEE ATk 0 B ST R A LA VN

i BAE I T A T L A VR 25 B AT | 3 K € IR S A A B R 3k R AR A
2P AR PRI TR VRN . B A A H IR R Am S HAR A T e DR LR B HE A T iR e Ak, RT3 45 FE hm 4 Xt
FEANZE M, PR A 20 (4) TS 4 /N X A ) B A2 A8 A i Gk R 0, i AR 4 A X (5) 1A
HA AL BRI GRS (6 6) o SCHR AR B AT ST e Hh AN [l 8 25 T - 40 el R AR 1A 45, SCIR B b G, 6 R IZ
A P e A B B (R AR S By | S 2 WU DGIC AR B2 /s AR rp] LU H 45 A ) SR B /NI AR U
SMs> SM,> SM,> SM,> SM, > CK, 5 E s ArikAd th i &5 R — 8, X RIEM TR E SRS AT
(SM, 1 SM g ) XF 38 1% 2l R ASCR B, T CK A WA RS AT S5 I D0, 00T 38 1 ol RSO = e 559 1Y

F6 TEERNRHITEILIERHXKREEY

Table 6 Correlation coefficient of soil fertility and its stoichiometry index

s JRORIRE

Treatment C N P K C:N C:P C:K N:P N:K P:K Grey correlation R?:E;g
degree
CK 0.335 0.475 0.495 0.778 0.402 0.392 0.333 0.787 0.481 0.487 0.497 6
SM, 0.408 0.591 0.563 0.964 0.486 0.522 0.388 1.000 0.516 0.502 0.594 5
SM, 0.494 0.537 0.792 1.000 0.812 0.549 0.435 0.566 0.467 0.598 0.625 4
SM, 0.563 0.576 0.712 0.900 0.922 0.732 0.504 0.676 0.515 0.622 0.672 3
SM, 0.887 0.880 0.972 0.816 0.980 0.904 0.781 0.797 0.783 0.828 0.863 2
SM; 1.000 1.000 1.000 0.708 1.000 1.000 1.000 0.869 1.000 1.000 0.958 1
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2.5 A[FIFSFTBL S AR X B R
AN TRV A i s FH Ay = S 2 (181 2)

ST 5 , 4% T80 6 A0 B 41 1 T K k44 B 26785 T 0 IR rog IR0 B 2019 B A

v H a aa
(P<O.05),jC/J\‘JID‘If?1ZQiJEE SM, > SM;> SM, > SM, > sooo | bbb oo TR b2b
SM,> CK, /3% CK 4255 T 40.4% ,26.98% .26.18% . il N MR MR
. N 5000 C
24.88% .6.68%. FLUKIN 25,2018 4F SM,—SM, 43 Bl %% TS M
4000
3000
27.20% .44.18% 29.83% , [RIFFRAT LI, 5 2018 4F4H 2000
F,2019 4EBR T CK j= i NFEAL, 4 3 S5 A0 B = e 3 1000 -
FRrEEF Hor SM 3 S W B 4R S T 4% 0
CK SM, SM, SM3; SMy SM;

s 1s Kb ¥ Treatments
3 itig

CK #2157 3.86% .22.99% .22.84% ,36.67% .24.17%;

5 Sy

Corn yield/ (kg/hm?)

2019 4 SM,—SM, 43 %% CK 428 T 9.54% ,29.42%

-+ 2 2 I\ o B B2 2018.2019 £ EAEHFESLEBEY=E
31 h' *{%ijjﬁ%ﬁ‘iﬂiiﬁﬁ%ﬁE@g}ﬂ@ Fig.2 Crop yield under different straw mulching application

1R sy R e S B R DRI W AEY) P 5 5 rates in 2018 and 2019
R EZ bR, Hrp 38 C N P K TTRENZMAIEY  E8d P bR (n=3) , i — 4R FNG 7R R AR
ERERKEFOERYR I KB R g E FARZ R R 5 016 (P<0.05)
BAER, IF HIH S S R S ol AR e 4 25 32 31 1 48
FROPTCE BRI YRR N B 1k R T AN A 25 2R G A2 401 A T R 7 T A, 6 M R G R
W EAT EEAE R, oA S RS EY) 8 S5 A 3 2 TR A 374 nT AR B > | BV 35 78 b 2 A RS 1S i
J AT ) - g R R Ay RO E Y R A K R B RS SR Y T, MO R W, R AT 5 AT Ab e R
HUBR , FHAF B 35 1000 kg/hm® BIFEFT ( oK /NFE B KRR ) T m] 6K 130 kg/hm® 2%, 55 G AR A A T 42
R N P K SRR Tz AR Y AU RE AT 5 R B T BRI
& o ANBFFER FEFE S AR F3RE T 14 SOC TN K TP &, Wi H & 83 & X R, 3 H 2019 4F
5 2018 4R I T (BT TK 1 5, Bl F FF 76 55 B A0 36 i 2k /D ke #, 9 L 2019 4248 2018 4E A T T
B, AR SRS 149 SOC TN J2 TP 1 Ji Xl ] e 2 A FH AR 25 M 38 50 2 17— P g A 0T, el T B8 R X b 3
B A v R AR A VE B 35 R BRI G LT, -4 M 3R 532 2 b, SE Tk A0 T 5% 1
TR T IEMHT SO IR S A R IR FE AR B A F 5 1 C N P S E IR0 R, Al KR A= PR
WA B C NP TR S 3t s/ E Y v WlOR) B A FILIBT B A S0 R Rt , b 78 g VR 0 Wl
TRBEFRICE™ | TK bl 2 F5 FF 7 35 A0 18 Ji i s 4> 5 B R Al 5 Kk 40 & R K AT o6, AR I
Rosolem 25 ffF 78 25 0 | 24+ HEABOH K W DL e H 30K & B m it & S8 b i K R+
JZWRERIDUTE . MWATRFE A RS FAE 3R 40 N 30K S B AR (R 7) , BT R BUREE 75 FF 8 56 %
A4 ,2018—2019 4F +- 35 K i SR I S B B 2 3 Iy ka5 Jf H SM A SML 3 5 25 5 T AR B ( P<
0.05) , K AT A 2B 18 TK & 1 FiRS T2 55 R A3 i S 80 R R kA, 5 — RN T e 578 5 2 A ¢,
FRFE AT TR N2 53R T eS8 i LE R 5 3P s BRAS BE AR
JERERTAENE ol ) P R SR B, PR, B TK SR N R R A AT RE S KA R R O PR
FEAT 6 B e e — M A AR AEE RS FEAS I DUAMS 38 K BOTHAE ., 448K, TK TR IR RE m] g
M ZsH SRR E A 5, R A% B 2019 4F CK iy 3 SOC TP %5 2018 4E4 fir K [, JEL A Al fig S5 1%
Wkt 135 AW B K 3 A 06 RTHIRES 2 B CK MK 1 3 R e RE FF A 25 /N X ™ 1, S350 3 25 5 ik
TR MK AR A mm e
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RT 20182019 FREARFESEEFH T LIRS SETHHRHE

Table 7 Variation characteristics of soil moisture content under different straw application rates in 2018 and 2019

AL Treatment 2018 2019 AL Treatment 2018 2019
CK 20.19+1.19b 20.26+1.46¢ SM, 20.55+1.13b 21.46+1.67b
SM, 20.56+1.71b 20.82+1.76bc SM, 21.29+0.88a 23.40+1.58a
SM, 20.28+1.51b 21.11+1.73b SM; 21.33+0.93a 23.57+1.49a

3.2 FHFFEE RSO A e Bl AR A

3 C N P K b2zt o2 R HOT R P — AN E B AR, R T RN ¢ NP K ER, i T
FAWT - HEFR 5 R0 - HEAC I A RIS nT FE R 324 BRI A T e A A L 5 A K 2Bk e
C:N.C:P 1 N:P ML, V4RGeS B b RS A 56 25 T 1Y 1458 C N C:P A1 N P (L T2 E f ek 1 4
(R 8) . AMFFE 14 C N C P MR T 4 E A2 ER UL T V8 /05 ke X B RS AP 2 AR T
HUE# fE RN P AA S . R R 2 RS AP S5 A0 FEAY C N C P 97 T X IR R IIRS FP A o5
—ERRE AR R R A T A AUR AR B C N R A R R TR T RS A
JE kA g B C BT N R R RS O DR 3 TR S SRR Z AR Ak
RAEREFFE A5 T, ARESE C N C P W88 i R X IR R i DX IR 3 o T 1 i P2 VY e % A0
R X R T 5 2 HL B s e o8, (A A AL fh s S5 iR s AT A6 i <0 el 1) J5 P9 o e A R VR 9 A [
TSI, VEYI 188 20 R ROR TR F B80T e i fpfE 22 53000 NP JR it N AR A2 Wi s b, R B
SR TR IR BRI A B(E S Fe R Ve K A b 8 FR B M BE R R L — & &, N P AR
PIBR B BI(E R 14 (N) F 16 (P) , LfE/NF 14 R8I N REMEWA K, KT 16 MR P BREEW A K, 7
14—16 Z [a]J 52 N P P& ML R BR & AR50 Hh £ 25800 NP Sl /N AED A K ¥3Z N IR
H AR C 2P NP R HZ 0 IX + 3855040 T3 N & P AR, XT3 ¢ NP iHE HAI#FSE K JC
R, ARG 8 C K N K\ P K B % F5 A 55 32 038 0 340, J DR 32 2002 bl 25 5 FF 2 3 %
FIXEIN+3E ¢ N P S aERIN K &2 N EE AT

FAN AT L3 SOC 5 NP (C:N C:P C:K N:K.P:K ¥FF7E R F MR, 5 UERHIFEE
LS S R T REFR 6 A0 T A TR Z AR AR A G &R [l AR T A WL AR AR i 1 4
TGS S E AL, KNP SHETRZBAFEERE LR, W EATZ 6= 503y
SRR HIRON ) RIS EIRCRTEN N IR S R e I A EE A, RFRFR ST R Z I
FHEIR R AHE S, I H AL RR G, SR — o R RN ) AR A K R T SO = A IR e

®8 WEEEASNHHETE C NP H RIS 2ER MR HIRMLE

Table 8 Stoichiometry characteristics of soil C, N and P on sloping farmland in karst area of Southwestern China compared with that in China

and other regions

PU R TR X 2018 4.7—9.5 4.7—11.4 1.0—1.3 ABFSE
Karst area of Southwestern China 2019 3.5—8.6 4.9—11.2 1.1—1.4

£ China — 11.920.1 61.0£0.9 5.220.1 [33]
23k Global — 14.320.5 186.0£12.9 13.120.8 [34]
# + ¥4 )5 The Loess Plateau 2016—2017 10.1—12.1 10.5—12.1 0.99—1.1 [35]
4B HILIX. South China 2015 9.9+0.2 27.420.6 2.77+0.1 [36]

3.3 BT R HEAL Ty FIAE T R 0 ELRS AR i AR
TEANRT SO  RII LI, P4 g W 30 4 DX (8 RS A B DR R AT 2 BRI, 3 B T B IR 2R MR B T
e o MAAERIREFF B R & BAG A IR 52 B 70 98 ISP A T G PRI 15 e A B 28 - B JF iR 31—
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FE IGO0 . BRI AR RS AP S 4 S T R C N P iR DT REE R S R SR 2 R
P S ULy BT R B RS TEY S, TR C N P b i B C N L C P T £
A LT L HR WA AT toa SL 0 g, i -3 op rT R 978 FR o0 Z 8N, ASBIF ST ot B AN 5
AKX (SM,—SM;) 13 C N C P I T2 55 R B m (/N X (SM, FSMg ) |, BB O3 o VAT o R AR
Bf - 8 R T 3R AT AR A (] P 4 (X A 0 T B 5 S 3 - R A B K = U 2 i R O AR 55 R 4%
P 3 AR B E SR ICR AN RE AR B WBORI T T e A A A i 3 AR BR AT ) - R 2k R R SR
Yy, AT RN ORFR K YRR . 3 A, 385 T 3 53 B AN €8 SCHR BE 43 B 7 s 25 VAN AN R RS A o R 40
IR G, TR I SMHEA B, LR SM,, |, X AR 7 i R SR A, (E A4S Ak 3 K A ok
i, SM, 107 Je d5e (e 14, TR 0 25 b O 3 1) SML ™ 8 B2 T AT JUT AR, I IR v i 7 5 J B i 5 7 o o 18
TGN, 304y T0 1 vh i 55 76 M 3R DA FF 2 R AU 00, Hh A R A, NI 2 B0 2 TR, XM T
FEAEAEFE 25 B S X E D A K R B AT, AHOCHIFFR R W, R AH A 5 AE R b B 25 R 2 R 2R i Ak g, T
SEUE ACE R A RS S L 2 OIS B S, S EUE = A A 5 R W
SEIR ARWFSE W] SM, HI SM 3 55 355 70 85 W ik ( P<0.05) (HFI#E 2 ) 22 AN E (P > 0.05) , X ek T
U R W T RS 7 S5 B 5556—6944 keg/hm® 22 [] Pk B 448 0 350 SR g A

Tl AT 7 35 0 2 S AR AS Bk B A g %) - 3 i B ANVE 34 7= s8R , IR 23 R B K B8 TR e 25
S VR HTAE R A2 R R Y A R T RE AR Z B BE L B, AT 6000 kg/hm® 72 A7 FA RS FF7E 56 ]
BT PG 1 1 ST S b A 3 BT A 7 TS R 3k e TR A P S o v D X R AR AR 5
TR — 2, AT TR 6000 kg/hm? FREFHA 55 56t 1308 S5 AR R4 S VR ™ RO BT . (S BRS FH A o6 i
AR PR b T S, FEYAT — A O ER 15 T R R A7 35 00 2 I, 7 35 5000 ke/hm (1A RS FT 38 5038 THED)
B A A= Kesterna " (RS FF 2 351096 26 HH | 10000 kg/hm? (9% FT 78 55 B T AR A5 50 4 1) 35 i 7=
ROR BRI, BT - A ) i R A 3 EAS AT A T R AT XA R b DX A B R SRR S R T E

4 iR

ot TR AR AT S IR0 R i B 2R, nlRs AR D — Bl e T B UK 45 b A i s
Bt /K P T O 1) SR o0, M B v E AR Ty o REAFBIEE AR AF T L C N LC P BAIR, A A T ok - 0
AHUSH Mo, RIS PR R o AT A AN R AR B s 7 AR, Hoh S Ak B 7 A
o I T R EORHREE 25 S T, RIS A A i i U P B SRR P M A 5 6000 kg/
hm? 76 47 O REFFAE BEA T A= 25 R GE P VR — 2 se ) — LSRRI 35 57 00 1 R ARG ER | LU Ik BB 19 - s 0
HE AR =8OR
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