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C:N A TR0 i RS TR e, (3) MHERERE R R 1k R MRS E B W A R B
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Effects of irrigation, tillage, and nitrogen application on soil ecological stoichiometry

characteristics in dryland

WU Shanwei, WU Jinzhi, ZHAO Kainan, ZHANG Jun, LI Shuang, HUANG Ming, LI Youjun"
College of Agriculture, Henan University of Science and Technology, Luoyang 471023, China

Abstract: To explore the impacts of irrigation, tillage, and nitrogen application on soil ecological stoichiometry
characteristics in dryland, a field experiment was conducted using a split-split plot design with three replications from 2019
to 2023. There were two irrigation levels in the main plots: non-irrigation (10) and one-off irrigation (11), three tillage
methods in the subplots: plowing tillage ( PT), rotary tillage (RT), and sub-soiling (SS), and four nitrogen ( N)
application rates in the sub-subplots: 0 (NO), 120 (N120), 180 (NI180), and 240 (N240) kg/hm’. For 10, all N
fertilizers were broadcast in the plot, while for 11, 50% of N fertilizer was broadcast in the plot and the other 50% N
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fertilizer was applied with irrigation. Soil samples were collected after wheat harvest in 2023 for analysis of soil total carbon
(TC), total nitrogen (TN) , total phosphorus (TP) contents, and their stoichiometric ratios at 0—100 cm soil depth. The
results showed that: 1) For the whole profile of 0—100 c¢m soil depth, I1 decreased soil TC, TN, and TP contents by
35.1%, 15.0%, and 2.4% , and decreased soil C:N, C;P, and N:P ratios by 14.7% , 24.6% , and 10.5% , respectively,
comparing with 10. Soil nutrients and their stoichiometric ratios, except for soil TN contents and N:P, showed significant
differences among the three tillage practices. Additionally, soil TN contents and N:P increased with the increase of N
application rates, while soil TC contents, TN contents, C:N, and C:P showed no significant differences among four N
application rates. 2) Effects of irrigation, tillage, and nitrogen application on soil nutrients contents and their ecological
stoichiometry characteristics varied with soil depths. I1 significantly decreased soil TC and TN contents at 0—20 c¢m, 20—
40 cm, 40—60 cm, 60—80 cm and 80—100 cm soil depth, while decreased soil TP contents at 60—80 c¢m and 80—100
cm soil depths. Specifically, the variation of soil TC contents in each soil layer increased with soil depth. The variation of
soil TN contents decreased first and then increased with soil depth. In the case of tillage, the SS increased soil TC and TP
contents in each soil depth compared to RT and PT, and the variations decreased with soil depth. The irrigation and tillage
had a markedly influence on soil C:N and C:P in each depth, while irrigation had significant effects on soil N ;P for soils
below 40 ¢m depth. The effect of N application rates on soil TN content decreased with soil depth, and N application had no
markedly effect on soil nutrients and their ecological stoichiometry characteristics, except for soil TN contents and topsoil C ;
N. 3) The variation of soil nutrients and their ecological stoichiometry characteristics were significantly influenced by tillage
and irrigation, which explain 59% and 19%, respectively. Besides, irrigation could reduce the differences among three
tillage practices. Overall, one-off irrigation decreased soil TC, TN, TP, and their ratios, which is not benefited to maintain
soil nutrients, but its combination with SS and N180 can ensure soil fertility and achieve sustainable development of

dryland.

Key Words: irrigation; tillage; nitrogen application; total carbon; total nitrogen; total phosphorus; ecological stoichiometry

characteristics

FETHA - HEAE T 2 S B0 R 5K R T b, GEORR FH m  3EAlL BR (C) VBN FNBE(P) J& ISR 4y
() EZELL Ry, IR A AR K R e R KA B A e S AR . BB C:NeP fh2ETT
ERHIEF B THR C N R P JCR Z A FAH AR A2 LU AR R G R MEER | IR
o H By SN ) Y EE 2 bR, rh, 13 C:N AT EZ I R R Y C R N PRI e ] S 48 C RN SR
LRI R AT R R URIE R — . 3 C:P Wi AR ERE ), CoP U Y
ARERAR, 5 NP W& F00 IR BRI 2R, B, TR £ 38 CoN:P fR2E i i R IF 5T X6 4
T HERTHAE Sy B0 R BT BRI Mo R S A e Y

R GE R W VW BRI R 22 X T+ 3 A 25k 2 e E BT BB Wang %51 76 W7 4
L X PRI B, SN SR AR L, BE IR AR T B FRAIK 0—20 em FoKR 38 C AT N & &, 728+ R aFs
R, EBERT 0—40 em 22 H 385500 ML AR 1T LA 2 5 R A OC , BERE R 15 hn - 4% C FI N
i, HREVRE BN, AR AR iR B R (E o 4 P e R T AR B PR TR X,0—40 em #
FH 48 C RTINS F Bt VA Y ) 348 0 S22 8 KR N A A P S i K R s N A R AR
WA —F, TRAE R R S RS R A A T 0—40 om 22 H 43 AR RSB, B FRAR T 4 i
C:N,BINT C:P, LG BERES TS B4 C $512535 0.17—1.00 t hm™ a™' 1™ TR (SS) b2} + 4 T
YA D (AR AP AR B N AR 1 ¢ B BRI 1 N AR A RO L Ren 1 XF 0—30
em FHIAZ H - HERGAF ST R B, SS Reng e S P A 48 ¢ & i, H EEEPTE 20—30 em )2 HXT 4
T2 N &R ICEEEW, JEmiE e 3 C:N C:P I N:P 4e 45 + 3k Skt BEE N Fa g, Rk &
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AR SE AL IRIAE 30, SS 2 52 30 52 1 T+ 3 ik b i 2 5 5K, kA, SS BEHE S 0—50 em T4 C
R M EIEE(PT) X 10—20 em 4 C N $2E &R SR, g —2emrse R0, K IREER A SS
A BES FECE A PR R AL, RIS AOIFSE A B IY] SS i R)Z L B RE i R R, R AR
AR AT AR A SRR A R M s i AN, A BRI R I it O R A R R
Som ) H6 M C AR AR SR AR AT O A ISR R iSRS 3 P A A
A AT R AR AE R R MR/ R AT L K SR — R R it 6 3R Ay A S A T
FEHE S R ANERE 1, N 1 aRE S B — R i Xt - SR ) () R e v, T T B At GRS 2 Rl R i I A
B R RN IR I Trost %52 WMFGE I E ZUFIHEME - A RE R E w3 ¢ i, g 4k
T 5 B, 3t v o K R 20 25 AR 08 C i, SR - S T Ak 07 T £ L %) D W A it S A T 4 R
BHZHE ¢ pBLRPY | BbAh, SS Bt A it AR 5 B -4 ¢ 0N B, AT 4 CoNTPY L (H H R X
T A it 2 — PR 2500 o AR 3R S A2 iR AR O 900 At = PRIt o8 RS ‘T B A
BT O RE 8 A2 P R R IE VA, 78 R et T i DR RO RT RS B R

B KRR E E AR B X 2 — TR R &K e B E AR, KBILUOR, SRl &
FREEMFR N2 BRVEAE PR i A AR 45 (), 3T R SOk M R0 — B K b B8 7= 1
AR BRI 2 UTAEAR , B TR A v A T BRI Ak, S bl IX A0 T T A5 R A5 B i, M
A AT SER S —KPEE . — RIS E T, SS At U E 180 kg/hm™ A A T /N R 7= R s AR
AR Y (HH Ak S R AR AR A 1 R B, 25T, SRS 3 T 4R T 2019 4F B3I BEAE A
ME4 3 IR - E AR, BT T 0—100 em 123+ K 0—100 em 45+ )2 HHERMK(TC) 2R (TN) . &
B (TP) & i S AR A1 b, ATk 52 b A T 4 9 A 1 e s | 5 B0 | T e 2 % e 4 40 B SRl R B R
YA,
1 MRE5F*E

1.1 5 XA

RIS HAL TR B 1 B RS IR A A Y AT (34 244" N, 112 °40" E) | MR i s /E g Fg X, 12X 8 T
P KB M | ARSI 14.5 °C AR KR 571 mm , TR EIE + | RIS AR 0—20 em 45
AL N :pH 7.97, 257 1.35 g/em’ , Wik 28 SRS R M 12.19 g/kg 1.08 g/kg 0.35 g/kg, HAK
e AR AN 12.70 ¢/kg 117.10 g/kg,
1.2 RGBT H ) 4 HE

FH 6] 7 7B 4R T 2019 4F 10 A i3 R =R R - R X1, EX 24T AR (10) fl—ik
FEWE (1) I KT 24X BHAE(PT) JERE(RT) FIRHA (SS) =R ; 2428 DXl 20T 2 it 80T 10 PRI e
T 5,10 2550, 11 T 50% FLjit \50% W A6 i , i 205 23928 0(NO) \120( N120) ,180( N180) F1 240
(N240) kg/hm* , BENAEHE A 3 U, /DX AU 32 m*(4 mx8 m) , HARAL PR AR UL 1, JEEa F K el
RJHMFAMELA AMERE (mm) = 10xpbxHx (8,-8;) ", Herh H g3 R0 £ 2 TRE (em) 38,7 0—40 cm
2 HbR A KR T BIMH 5 8, W AME AT 0—40 om )2 HHEE KBRS IIE ;00 o iHRIRIE 2 N 50T
HH(g/em’) , AMERFIANER ] LR 2, XIS R IRE (% N 46%) S BERRES (% P,O, 12%) Flfi
FREN (5 K,0 50%) , Hr w4 AE it AR 423 51 2 90 kg P,O,/hm” il 60 kg K,0/hm?, i/ 32 i g < 9% 5
227, F 10 A FAHER 6 ARk, FISHEFE l 187.5 kg/hm®  F7H5 20 em, Hofth FH )45 4% A 24 3 4k |
2 IRIEAT
1.3 -3 TC TN Al TP & & f9 2

F 2023 45 6 H/NEZWGHRI, AR/ MK SR FLACRARE Y FH AR 4.0 em 1Y E 4573 R4 0—100 em
FIR A REE /NI IR A R S TR A SR BR300 g [RIBHZEATE A S5 10 em 4b
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KEANR T)Z RS B 20 em H— D)2, E R 100 em), [fl—/NX Rl — + 21 HRERR 4250 iR f S5 2
TR A2 RIFEEEHL 300 g, - FEHF [0l 5256 2 & T B i UL A 2R KT, TS 3 0.15 mm G F 00 %€ +
HETC TN F1 TP &5,

x1 AEHIL

Table 1 Treatment description in the experiment

X 45§ fb e ik
Plot Treatment Code Description
FKX ANHEWR 10 AT AR,
Main plot O " {J\jzigﬁﬁ 0—40 cm i)%’i%ﬁxk%‘ 4&(1&_“]]@%/](%% 60%H , #h
T 27 M A RfK 4 19 85% , /N IR T 5 B 3 RU—IR &K,

X il PT FOWER AR BLBABE (30—35 em) J& , S BEMHHLIEE— i .
Split plot Tt RT TREBHCR T BERLAE ., B M B 10—15 em,

AR ss SR GANUBEE (35—40 em) J& , 18 FHBEBHHLBEHF— i
X Jiti AL 0 kg/hm? NO N
Split-split plot M ZUIE 120 kg/hm?  N120 Jiti U H 120 kg/hm? (i JR 2 5 H 261 kg/hm?)

i & 180 kg/hm?  N180 Jiti iR 180 kg/hm? (it bR ZE 14 391 kg/hm?)

Ji L 240 kg/hm*  N240 Tt 240 kg/hm?(ifi fR Z 2 522 kg/hm?)

10 . ANFEWE non—irrigation ; 11 ; — XKWL one—off irrigation; PT: FI#F plowing tillage ; RT : JEHF rotary tillage; SS: A sub—soiling; NO . jifi & & 0 kg/
hm? nitrogen rates were 0 kg/hm? ; N120; Jifi & 4 120 kg/hm? nitrogen rates were 120 kg/hm? ; N180; jifi & 180 kg/hm? nitrogen rates were 180 kg/hm? ;
N240 . jifi & & 240 kg/hm2 nitrogen rates were 240 kg/hm2

*2 RWHAEEKE
Table 2 The irrigation amount in the experimental years

AT 8 K

ey MW R Soil water content Tﬁ”‘? f;’iﬁ
Year Irrigation date Tillage befor‘e ‘sup‘plememary water content/% amount/ mm
irrigation/ %
2019—2020 2020-02-15 PT 14.7 22.1 39.7
RT 14.5 22.1 41.1
SS 15.2 22.1 37.2
2020—2021 2021-02-25 PT 14.3 22.1 42.1
RT 14.1 22.1 43.2
SS 14.7 22.1 40.1
2021—2022 2022-03-03 PT 15.0 22.1 39.4
RT 15.1 22.1 37.8
SS 14.8 22.1 38.3
2022—2023 2023-03-15 PT 15.6 22.1 35.1
RT 15.2 22.1 38.1
SS 14.9 22.1 37.7

43 TC 1 TN M2  FREX A AL 200 mg A B FE AT IF HI A S G0 RE B R A7 O RE S A TR 40
% ( Vario MACRO cube , Elementar , Germany ) , il i B0 % TC A1 TN &8

4 TP SR INRE R HC10,—H, SO, 3EHEATIH 3, ik DB R >R 1 B M — SR BB B 20 YO L i, T WO 73
BT (T6 B, A HT AT ) WE T AR P Y TP A
1.4 skt a

BT A S A AT R R AE DR ST E 421, 4 C:N L C:P FIN:P I8 TC TN M TP & #ilb 173t
3739400 2 Microsoft Excel 2016 ZbFRiR I %04k . FH SPSS 19.0 X R AT BT HT, AL Duncan 5 3
725 BERL, WEKF K 0.05, F Origin 2022 4 Pearson AHE/MT A R0 47 . J7 2203 H R
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(R Core Team, 2012) H ) vegan” L3R5 Horp TR BIFME I 7720, T 108 =FBkE T X, N AR UAN A
B, 3E3 0 B A Ak 2 H 24 0—100 em +J2% 4 TC TN Ml TP & &L C:N . C:P Fl N:PP7) |
#2212k A Origin 2022,

2 HREHSH

2.1 HEE B AGE A SR T 5 TC S iR

it LA , TR R B 4% R HAEXT 0—100 em 2%+ TC SEA BEEW (K 1), 11 10 %+
TC W EMEINT 35.1%, SS # RT Ml PT 2+ TC & &40l i & $E 5 18.2%F1 89.6% , Horb |10 °F 43 5134 in
13.4% 1 115.8% ,11 T 43 3 25.6% 1 62.2% , i B x4+ TC & Jo i 5 m, HIGig /& 10 f il T, bt
RN, B+ TC & =% A AL

N0 ZZN120 EEEN180 [ N240

25 I okok
A B T ok
g : ?IXT oo
20
b IXN sk
™ b b TXN  #*x
& 15 -
e =
g C 7 c
% 8 a b b
HE ™ b a
- ==
= C C b
& c
5 -
0
SS RT RT RT RT

10 11

B1 AELEN0—100 o m TEETETEENHM
Fig.1 Effects of different treatments on soil total carbon contents in 0—100 cm
ARV NG FREFRIRAR R BEE T A R R 7 328 778 P<0.05 /K, AR RS 7 RER A [RIE T AS [ B4 b B 0] 22 578 P<0.05 7K
WA ns FARARIKBIRFE RS+ FRZERIKFTE P<0.05 KB B3 « » FIRZERIKFELE P<0.01 IKFNL I #  » FIRZEFIKFEAE P<
0.00 1A 25 s L B E, T BFAE , NG SR 10 A F AN 5 10 —UCEIBE 5 SS . TR s RT R ; PT - BB s NO. AN 205 N120: M50t 120 kg/
hm? ; N180 . i & 180 kg/hm? ; N240 . Jiti & ft 240 kg/hm?

S3HT 0—100 em AN 2 1 TC & (32 3) K, HEBE B EX 45 12 38 TC &R B & 1
RN, AF A TE B, 5 10 AL 11 SRR AR H 21 TC & i, #£ 0—20 em ,20—40 cm 40—
60 cm ,60—80 c¢m Fl1 80—100 em +J2 , 43 HIFFAK T 12.7% .19.4% 34.8% .36.6% F 36.7% , 3¢ L Hi BT 1 14 i
AR IR B R a3 5 PT AH L, SS Ml RT 76 0—20 em +)2 13 TC & B E 4 5 34.9% M1 33.0% , i 7 H:
A JZFIN SSSRT>PT( P<0.05) ,

2.2 JEBE BRVEAG O TR FH A TN B s

BRBEVESD, HERE it 2 S 45 T R HAEXT 0—100 em +J2% + TN & ¥a B (E 2), BkkE 1
10 %+ TN S EREMK 15.0%, N180 Ml N240 [H]48 1 TN &0 % 25 5, (H4R NO 4] i 5 42 7 22.4% Al
25.9% %8¢ N120 43 ) it 35 42 55 8.8% 1 11.9% . S [RIMEMEFIBEAE A 0F T 0 %8 + TN & 5 i s2 e A Jr 22 5%,
XRS5 E i H, H N180 Fil N240 [H ol 3 25 5 . #E— LA al 0, BEVEXT & £ TN & i i 52 1)
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PRIFEBE K1 5, 78 10 AbBE R SS A1 RT 4% PT 4371 {2 5 42 55 8.8% M1 12.9% ,fHAE 11 F LR HFZER,

%3 FEAEXNAELELE TC EEBIEI/ (o/kg)

Table 3 Effects of different treatments on soil total carbon contents of different depths

Qb P +JZ Soil depth
Treatment 0—20 cm 20—40 c¢m 40—60 c¢m 60—80 cm 80—100 cm
T 11 19.10+£2.29b 14.00+2.47b 9.81+£3.27b 8.22+3.21b 6.39+2.67b
Irrigation 10 21.88+3.94a 17.37£5.33a 15.04£6.04a 12.97+5.18a 10.09+4.35a
HHE PT 16.71+1.28b 11.15%1.17¢ 7.17+1.24¢ 5.53x1.77¢ 4.63+1.96¢
Tillage RT 22.22+1.88a 16.70+3.91b 13.27+£5.37b 11.97+4.3b 7.96+2.89b
SS 22.54+3.22a 19.20+3.05a 16.84+3.59a 14.28+3.12a 12.13+£2.94a
%A NO 19.89+2.15a 15.06+2.89a 11.46+3.31a 10.29+4.17a 7.77+3.44a
Nitrogen application N120 20.73+3.85a 16.37+4.17a 12.41+5.60a 10.41+4.59a 8.64+4.44a
N180 20.35+3.76a 15.18+5.50a 12.54£5.92a 10.57+4.82a 8.03+3.77a
N240 20.98+4.08a 16.12+5.07a 13.28+6.86a 11.10+6.03a 8.51+4.66a
P EUE P (E bR ERE (SD) |, AR TR [Al— L JZ AN [ b B E] 19 22 5278 P<0.05 K- 3%
s [ InNo EZZN120 EEEN180 [ N240
’ B I kskok
T ns
N sk skock
A A IXT
a IXN *x
aa TXN *
B 10 2 B A IXTXN **
?9 b aa . A A
E b a a a
® 2 b
H3
8
Z 05
0
SS RT PT SS RT PT
10 I1

B2 AELLEX0—100 cm TEELERSENEM

Fig.2 Effects of different treatments on soil total nitrogen contents in (—100 cm

SIANIE] 42 435 TN i (3 4) ATl T, 398 TN 55 10 Bl 1% B8 10 158 Jonn g 8 A1, JH o R BE . B0 AR it 20 )
ma o A 2T S, 5 10 #HEG 11 7E 0—20 em ,20—40 cm ,60—80 cm 1 80—100 cm 12 113 TN 7 & i B 15
i 8.7%—22.0%, SS 7F 40—60 cm + )2 3 TN &&= RT A1 PT 435l & & $E 5 7.2% F1 11.9% , e HAb 1
JEARFI B S N240 A1 N180 [i)4% + )2 +3E TN SR EZES  HAE 0—20 cm )2 H % NO 4351
SEHLE 47.9% F1 35.1% , ¢ N120 435 B & L5 27.5% F1 16.5% ; 76 20—40 em + 2458 NO 4351 8 42 5
29.1% K1 21.5% , % N120 735 B Z 4255 15.9% 1 9.1% ; 7£ 40—100 em 4% )2 2% N120 o 255 (B NO
P G E AR AN A A SRR AR T 4%+ )2 5 TN A A B Z00E 48 TN SR (4R TR0y 25 i+
JZ G, B il /I A B 58 TN i
2.3 WEWE BRI EO R F A TP S AR

BTt B AT, TR B B DR 2R E AR B 0—100 em + )28 + TP A7 B JE 508 (K 3) . 11 5 10 41
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FUff 4458 TP 5 10 i AL 2.4% . SS A RT % PT i+ TP &/ 5 i 3 = 3.5% M1 4.3%, (H7EA R
RS AE R BRVE 7 2 A ) 22 S8 ANTE] 78 11 Z504F R SS Fl RT 42 PT 43 332 55 8.9% A1 6.3% ,{H 10 T 348 A i
., AEAFREBABHEG T i TP S s A 25 5 (A R B RS IS R s, B
N240 ik F R AH,

F4 FAEALEXNAELELZE TN FEMNEMN/ (g/ke)

Table 4 Effects of different treatments on soil total nitrogen contents of different depths

gl +J2 Soil depth

Treatment 0—20 cm 20—40 cm 40—60 cm 60—80 cm 80—100 cm

W 11 1.03+0.15b 0.85+0.09b 0.68+0.09a 0.63+0.07b 0.56+0.74b
Irrigation 10 1.32£0.27a 0.97+0.19a 0.73+0.10a 0.69+0.10a 0.63+0.09a
B PT 1.12+0.21a 0.87+0.11a 0.67+0.06b 0.63+0.06a 0.58+0.08a
Tillage RT 1.21£0.30a 0.94+0.21a 0.69+0.11b 0.67+0.11a 0.60+0.10a
SsS 1.2020.26a 0.92+0.14a 0.75+0.10a 0.67+0.09a 0.60+0.10a

it NO 0.94+0.12¢ 0.79+0.07¢ 0.64+0.07b 0.60+0.07b 0.53+0.08b
Nitrogen application ~ N120 1.090.13b 0.88+0.11bc 0.71+0.08a 0.66+0.10a 0.60+0.08a
N180 1.27£0.20a 0.96+0.16ab 0.74+0.10a 0.69+0.08a 0.63+0.09a

N240 1.392£0.30a 1.02+0.17a 0.72+0.11a 0.68+0.09a 0.61+0.08a

[ InNo EZZN120 EEIN180 [ N240

0.8 —

T *
N ns
07 L IXT dokok
IXN  **
0.6 A A A A N [XTXN *#x
2 a a B
on
< b a 2
z bol L GER bb oM Dol a
ﬁé E2 -1[ b bb
p
HE
=
£
%
n
RT PT SS RT PT

10 I

B3 AEALLIER 0—100 cm T EE+LBS BN

Fig.3 Effects of different treatments on soil total phosphorus contents in 0—100 cm

AR 2 HE TP &8 (% 5) Al %0, 5 10 M EE 11 AR5 E)Z (0—60 em) 3 TP & {H{l 60—80
cm 1 80—100 em )23 51| ik 2 PG 8.8% 1 12.5% , #FEXT LI TP & & 52 m 7 A W )2 RMAR, +
HETP #7FE 0—20 cm )2, RT % SS F1 PT 43 51 8 4 55 8.1% F1 5.3% ; #F 20—40 em )2, SS % RT #1 PT
3 24 R 6.7% 1 9.1% ; 7F 40—60 cm £ )2, SS Fl RT % PT 43 {8 & 2 55 11.4% F1 8.6% ; i ££ 60—100
em 25+ 2 HHEXTHIC BE W, EEXTT S T2 15 TP SRS R E W, ol L, — R 2 PR AR
JEEHETP S HHES R LRI TP SR (Hi AR TEH
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x5 AEALEXNAELETZEP AEMNFM/ (g/ke)
Table 5 Effects of different treatments on soil phosphorus contents of different depths

b3 +J2 Soil depth

Treatment 0—20 cm 20—40 cm 40—60 cm 60—80 cm 80—100 ¢m

e 1l 0.77+0.09a 0.46+0.05a 0.37+0.27a 0.34x0.03b 0.32+0.04b
Irrigation 10 0.76+0.05a 0.45+0.04a 0.38+0.28a 0.37+0.03a 0.36+0.04a
B PT 0.76+0.05b 0.440.04b 0.35+0.02b 0.35+0.05a 0.33+0.07a
Tillage RT 0.80+0.06a 0.45:0.04b 0.38+0.02a 0.36+0.02a 0.34+0.03a
ss 0.74+0.09b 0.480.05a 0.39+0.02a 0.36+0.02a 0.35+0.02a

4 NO 0.76+0.09a 0.48:+0.05a 0.37+0.02a 0.35+0.02a 0.33+0.03a
Nitrogen application  N120 1.09:£0.08a 0.43+0.03a 0.37+0.03a 0.35£0.05a 0.36+0.04a
N180 1.27+0.04a 0.46+0.05a 0.37+0.03a 0.35+0.02a 0.33+0.03a

N240 1.39+0.07a 0.47+0.03a 0.37+0.03a 0.37+0.04a 0.34+0.06a

2.4 JEBE BRERG R Rk 5 C N P fkET TR G R

ST FEBE R AT 0—100 em + )28+ C N P fb2Eit L (3% 6) Al AL BRIGZAXT C:N Fl C: P, #FEXT N:
P, EEFIiE & B AEXT C:P F NP (R 5Z M5O A 2 B A0, T B4 At 20 S L B VR X S FH 4% C:N C:P
FN:P A I 2 5l Sk 2 s

F6 EBR BHEFMMEIT 0—100 cm £EE L C:N.C:P 71 N:P T ENHT
Table 6 Analysis of variance (ANOVA) results of soil C:N, C:P, and N:P in 0—100 cm

2 SRR o F

Source of variation C:N C:P N:P
W Irrigation 1 6.43* 17.89 *** 14.44 %+
HEE Tillage 2 68.17*** 47.30 """ 0.79ns
Jiti /& Nitrogen application 3 1.895ns 0.16ns 14.49 %~
IXT 2 42.87%** 538.47 """ 28.45***
IxN 3 2.58ns 7.78 % 1.19ns
TxN 6 10.47 *** 76.30 %" 5.39 %
IXTXN 6 7.31% 52.03*** 7.15%%

ns FORKRIBP W E RS« RRZEFIKTAE P<0.05 BF| W E ; *+ TR 2EFIKOPAE P<0.01 A F W3 # %+ TR 2 7KFAE P<0.001 5]
B L HEIE irrigation ; T HHE tillage ; N Jifi % nitrogen application; C:N B Lt carbon to nitrogen ratio; C:P ;B Lt carbon to phosphorus ratio; N:P;

Z W nitrogen to phosphorus ratio

TR L2 EHE C:N(E 7)), 11 10 B EFFK 0—100 em +)2% 4 C:N (HEERIAE 40 em LT+
JZ, B% SS I RT 7E 0—20 em + )20 C:N BT T PT 40, BHEXT SRk 1 H A +)2 H 3 C:N A5 m 4 £
4 SS>RT>PT(P<0.05) , JiAXT 14 C:N RS2 R IMAE 0—20 em )7, #LHHE C:P1F, 5 10 MLk, 11
AL A R4 4 R B RRAG  20—40 em 2 4M,0—100 em )2+ R HAL 2 3 C:P R A
SS>RT>PT( P<0.05) ; {HJiti & X 0—100 em + /24 + K45 +)2 44 C:P ¥R B E»m, 5+ NP wiE, 11
10 fHEHAEEZ (0—20 em F120—40 em) B EFEK; #HETE 0—100 em H)2# + A&+ ERI N TR EE
5o 0—100 cm )28 4 N:P it 0 388 2 30k SE 8 e R (ks 3, (Rt 200 25 2 1 52 i SR B I
A, 7E0—20 cm ,20—40 cm F1 40—60 cm, +35 N:P ¥R H A B it 0 B34 I Je3é in f5 42, i ZE 60—80
em 1 80—100 em = JZiti ZOG H TG 52 m , fhBL AT 0L it 0 48 NP 4R TS0 PR A S R B A B
/N,
2.5 A AR IS AR A E TR AR X B R it SR i R

A EPELE B (6 8) W] R TC 5 N:P TN 55 C:N F1 C:P TP 5 C:P .C:N 5 N:P [AJM Pk AR L B E K
Ah, 1HE TC TN TP it M H A A 2R TR b2 0] 38 38 IR AR DG, U A SR i 22 3 8 4 Rk 25k 2 L
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Table 7 Effects of different treatments on soil carbon, nitrogen, and phosphorus stoichiometric ratios
et fhp 1 JZ Soil depth
Indicator Treatment 0—20 em 20—40 em 40—60 cm 60—80 cm 80—100 cm 0—100 cm
C:N W 11 18.95+3.61a 16.56+3.06a 14.42+4.32h 12.99+4.84b 11.56+5.11b 14.72+3.10b
10 17.05+3.82b 18.23+5.90a 20.57+7.72a 19.05+7.72a 16.22+7.12a 17.27+5.16a
Hr1E PT 15.50+3.63b 13.03+2.44¢ 10.88+2.59¢ 8.78+3.08¢ 7.93+3.24¢ 11.31+2.13¢
RT 19.17+3.40a 17.87+3.33b 18.96+6.19h 17.73+5.94b 13.33+4.59h 16.70+2.48b
SS 19.33+3.22a 21.28+4.06a 22.64+5.30a 21.56+4.53a 20.41+4.55a 19.98+3.09a
il NO 21.32+2.68a 19.17+3.89a 18.03+4.74a 17.3327.17a 14.52+5.93a 17.61+3.54a
N120 19.10+3.79h 18.81+5.22a 17.42+7.70a 15.90+6.90a 14.72+7.84a 16.72+5.28a
N180 16.19+2.60c 15.62+4.25a 16.52+6.91a 14.84+6.48a 12.59+5.42a 14.65+3.87a
N240 15.40+2.95¢ 15.97+4.74a 18.00+8.36a 16.02+8.09a 13.73+7.23a 15.00+4.45a
C:p TR I 25.11+3.86b 30.25+5.39b 26.59+8.43b 23.82+8.45b 19.65+6.88b 24.38+4.86b
10 28.90+5.33a 39.01£12.29a 39.74+£14.98a 35.83+14.74a 28.77¢13.1a 32.34£10.18a
BHE PT 22.10+1.38¢ 25.35+3.31b 20.52+3.52¢ 16.34+5.50¢ 14.60+7.34c 19.48+2.44c
RT 28.06+3.55b 37.55£9.72a 35.16+14.07b 33.74£12.13b 23.11£7.06b 29.91+7.28b
SS 30.86+4.56a 40.99+9.33a 43.81+9.25a 39.40+8.56a 34.93+8.93a 35.68+06.61a
it NO 26.47+4.00a 31.77+5.88a 30.70+8.61a 29.78+12.00a 23.38+9.60a 27.22+6.35a
N120 27.23+6.23a 38.81+10.93a 33.00+14.01a 29.57+11.78a 24.41+12.76a 29.07+9.47a
N180 27.14+4.95a 33.39+11.46a 33.49+15.59a 29.68+14.06a 23.88+11.13a 28.1749.28a
N240 27.17+4.95a 34.56+11.70a 35.47+16.29a 30.27+16.31a 25.18+12.75a 28.96+10.52a
N:P TR 11 1.36+0.29b 1.84+0.22b 1.86+0.29a 1.87+0.28a 1.79+0.33a 1.67+0.20b
10 1.74£0.32a 2.18+0.44a 1.94+0.27a 1.87+0.29a 1.74+0.32a 1.87+0.24a
BHE PT 1.49+0.30a 1.98+0.24a 1.92+0.25a 1.87+0.33a 1.80+0.40a 1.75+0.17a
RT 1.53+0.40a 2.12£0.51a 1.82+0.31a 1.90+0.29a 1.77+0.25a 1.78+0.30a
SS 1.64+0.36a 1.94+0.36a 1.96+0.29a 1.84+0.23a 1.72+0.32a 1.79+0.24a
Tt NO 1.26+0.22b 1.67+0.19b 1.71£0.20b 1.75+0.25a 1.64+0.31a 1.54+0.12¢
N120 1.44+0.24b 2.07+0.25a 1.92+0.25a 1.92+0.36a 1.68+0.25a 1.74+0.20b
N180 1.69+0.28a 2.13+0.42a 1.99+0.30a 1.96+0.20a 1.90+0.23a 1.90+0.20a
N240 1.81+0.38a 2.18+0.43a 1.99+0.30a 1.85+0.28a 1.84+0.43a 1.91£0.23a
®8 LT TC.IN.TP FEREATMUFITELLEHAXESHT
Table 8 Correlation analysis of soil total carbon, total nitrogen, total phosphorus, and their stoichiometric ratios
TC TN C:N C:P N:P
TC 1
TN 0.70 "~ 1
TP 0.65""" 0.78 *** 1
C:N 0.76 "~ 0.09 0.19° 1
C:P 0.71 " 0.16 -0.06 0.87 " 1
N:P 0.04 0.19" 0.44 "~ -0.08 0.40 *** 1

sk P<0.001; %% . P<0.01; % ; P<0.05;TC: & BK total carbon content; TN 4=% total nitrogen content; TP ;4xf% total phosphorus content

T5 250 oA (P 4) KB, BV St A A5 Ak s R AR R I R, o VR 2519 59% , HAURIE: HE T8
5 19% iR 1%, dE—22 3 A FIRERLALEE T A RO EA T 080208 (181 5) & B, £ 10 A 11 T -1
ABAATHRAFAEAE PT RT A SS [ ¥A77E 22 57, HLATPIAS £ 19 BT STk R 3435 85% LI L, REAS i B4
ZES M, Hoh 10 T B8 TP Ab HABIR RIS S PC1 FZMC, HI R IEM KR, I FHEN:P 5
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PC2 EEAC, HAbFg b33 5 PC1 A, I 2 IEAH
X, 510 A0, 11 F PT RT F1 SS [ PC1 & {5l
—UCHEWE RT LA/ INAS [T R 5 =X ) 52 A2 4 B A 2
2R RIE I 22 5

3 it

3.1 JEME BEVEAE E N 5 oA 3 TC TN F1 TP

ER0pA

T4 C N FI P &5 B S K E A AR I AE
MUY ARBESESRAE R, HEE A o MR 14 TC TN A
TP &g (B 1—3) , X = B i P4 I i J R B i N
— 5 G T 5Ky VY N s il 2
[ TC TN F1 TP ; 55— J5 Il , 4 H K /38 78 SR B, 7
APE R R, b A LSBTk, 19 4 TC
THAE', HLYE WSS v] 8 2 3 A A AU e, B A £
BTN Bt 3k 55 R0 S R AT AR AR SR I B SR 45 R —
0N AN TC B R A R R 2 il R B 44
I 2 804 K, % 32 22 Ao ply 0 R R AIK 38 TC B
{8 R ZOFEFT AGTE W AR R 0 53 ATh 2 0 AR
NN TS , T Bl R BE A3, i S SRR s D, PR S B I 2R 1 G, SR 3 TN 5 ) i )
i - PR R P 388 o 2 S N B ke g FLR R RN AR R W 90% 43 A FE 0—60 em 2 HEWE IS A A
T2 LIRS ARFFER R, BEE 7 20T A [ 2 B A A28 - 38 TC TN A TP &, k4% TC
FHEMI ,SS # RT F1 PT HA B R A4 FER . — 51, SS BEA% el -+ 3B 4540 IR B R A: M0 1, PR
FE MR ZR 43U S5 AN 0 JE 5 RS e, A R T R A LR G R RS 55— 51T, SS AEAS AL 4 e 1A SR 4
R B R I SR AR B R e 0B A ML A AR 7 AR, #E 0—20 em 2, SS 1) 1
TC & # RT LB 25 X T2 M T RT BHER R, & HEDF T Z2AEET 15 em LI {2

Residuals = 0.23

B4 ERMMENEENTIEROIRBEESUFITERNTE
SRS

Fig.4 Variation partitioning analysis ( VPA) of soil nutrients
and their stoichiometric ratios under irrigation (1), tillage (T),
and nitrogen application (N) treatments

R ity R E R 2R R RS AR A3 B 1T 43 1L, Residuals 3
IRABERERERH 43 b, P<0.05

= SS e RT PT

10 :
L ™ 1l NP | TN
TP 6 L
N:P
2 r ° 4 +
" C:P
n 11}
2 ? T
g o0 *%a 5 27 . ¢
8 O TC 8 >
& C:P S0 * -
8 RN .I - 8 &, o Py > C:N
[ ]
C:N 2r L 1S -
4 + TP
74 -
-6 1 1 1 -6 1 1 1
-4 -2 0 4 6 -6 -4 -2 0 2 4

PC1 (58.2%)

PC1 (52.9%)

5 10f1 11 THEARN B LEFROREESUETELLNERL ST
Fig.5 Principal component analysis ( PCA) of different tillage related to soil nutrients and their stoichiometric ratios under 10 and I1

TC:E\ﬁ&;TN:%ﬁ;TP:%%;C:N:@%ﬁtt;Cipzﬁ&@étK;Nipzﬁ@itt
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TERETECEENGH . X TN WS ,SS 7F 40—60 em 1 2RI K B m, 5HITH TAIRZ,
i A R Z Al S S AR T HIRA R I 40—60 em + )2 A K Huang Z0 5] T2
LIRSS R . BHEXT L3 TP S psgm sk BRIk SS 1 RT B2 & T PT, Ui PT {2 T + 3 R
FE, (H A W R B EA A Rt — R

H AT Tl a0 13 C SRt BE — e, E8 &k T2 IX %A (210 kg/hm®) REAE N
A LT, PR ¢ Sl WA IFSEIAH iR R AE 135 ke/hm’ B BERS S INVED A= 7 7,
WA T4 A EERS FFRIAR 28 400 (0 8 i, b i B2 e 22 T 48 ¢ &> Ry FE B S R AR T A B,
it A A ) 210 kg/hm* B, 38 C PEREBSORAAR e s/ NG IR B IMTAEABIFE il AN 1458 TC G B 5%
i) , 33 A BB F e b L E I oA MU A e St A e I TP & R Z R T g kY
PR AE ARG A5 T, Bt 0 3 i 4% £ )2 13 TP S 3o B &8k, AR, it ZUZ 2 i -4 N sk TN
M EENR, KEFREN,0—20 cm +1E TN & &bl it 2 38 i LA AR5 R, A
Xof - 498 TN 55 P49 52 Wi 9 B0y it 0 P 398 o S22 S 388 5 AR e, L2 W 33 o = 2 398 i a2 5 P A1 Py R 4 (3%
2),N240 F N180 8] JC b 2% 5 | P WTHE & 180 kg/hm’ BT ki S b B TN & BEOFGE . X 52 9Rom s
RISt B TE 150 kg/hm? LR, 458 TN 55 5 B i 20 i 386 g i g m i 5 558 A B 5 - E 8
At AT 2R )2 (0—20 em) HIEAUS A B EHEE R ZE R —2L,
3.2 JEBE BRVEAG R R [ 3 ¢ N AP A SR LR

3 C NP A S bR R AR S R G AR Y ER AL 2 08 PR 2 A N - S T RE Y LR | O R N
FEAyBRAR B A T EAEFRTCST ) Cui 251NN B C:N 8 C:P Al BB ECEIEFR BRI, FE T 7 AR MR AR
Y2 B354 s 4, AR C:N 3 C:P 23 iU E M B R Z A LR RIS B 21 C, (T i A4
RGN EI S F R, 24 NP<10 B fEY AP 12 8] N RS mifesd LR, KRR
BB AT S P IR T R A BT SRR - HE C:N B E{E R 16.00, 5 T4 E
Hb C:N(11.8) ' {HJE C:P(28.4) Al N:P(1.8) i fik T4 E Bk /KT (38.1 F1 3.4) , 33X ihi ] 55 4= = B Hh 1 A
b, AR X N S RECNEZ B P AR . B, G RAS T A A A 3 T IR Sl N
B iR AE ST R AR AR K R BRI

L SRR A L N RGP BEIE S LR R TC & i AR (K 1), BRI R T TN # TP &
L WA R BT R ST A R, X B R T KA TR I, AR TR A s e
Pe IR DRIk, 50 3% C ATHFE, B T3 C:N 1 C:P, (AR — A0 AT h— U HE Tk B R IR
T3 C:N EA 8 T2 E B E K, UL — R 5 3052 LA R A, 5 RT M PT A EL, SS REMS W%
PR I CoNFI C:P L BEPA SS J5 13 TC M B Z W 25 T LI TN A1 TP, KEMIFRFERI,SS Geig s + 1%
CEHR AR 3Py ¢ FRENOS! | —J7Ta, H 4 C:N 5 I d 5L B 3 00 R 561 | SS BERS IR T34
P AR ARRR L B — 5 1T, SS BN 3 A, S M SR O RE A% T S v R W RS AT 4 S fie
T R B A, B R T 4 C A REHERE S AR )E I NP 4R CoN BRI, e ARIR 2T
e E R (2 7) , VLA R T LRI AE R R, AR G518 5 X 2% A S g R —8( T A
5T R B, 45 4 AT AR DU IC A SR R T RE B it s v ) L IR, 78 R AR VR IX A 3
IR BRGS0 N ORr 30 A b T i 2 A R 1 385 I 26 0 9 D8 1 ] ) P R 2 i A o U Y
B, 20 17 Bl - S f A RO R  fR R - R Y
3.3 JEBE BRVE RGO SR T A A e R AR ) 25 B R

AT ABFFE £ W], 13 TC )TN TP ,C:N C:P Fl N:P [HJ777E B & B R Ao th R W], bR
HAS RS A S ETHE AR R A B R (£ 8) , JUHJE 13 TC TN 7 & SR b 35 IE ARG, Ui
FHErf C RN OGBS R EA S B OGRS R L FRE AR AR A AR A T €N FE 20—
40 Z )7 FEFFA A it 280 EL R B LR AR B R it FH AP UE - 3 o Al SR ASIF 9T P O 25 40 i
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ST AR FHETT R 59% HEWETT i B% 19% , it AR 1% (K 4) , H—UGEBR A4 T SS etk
35 C:N>20, 1B AT L 3E i P R ARV 8 4 S A e A S Ak s i AR FR IR R X SR
75 AN e T 38 CoN:P AR SR 2E TR AR A G N AT OC Y ] L E R A SS X iR
WA ST AR DR SR A B BRRER T, IR 5 R A S A R R
ARE[ARTTO N, A K R A B A R R R AL, i - e N R L, AR 0 C N
P AR AR, FRE, R E N A AR R AT A, Ren 261 UBF ST th R0, K
3 B2 R AR £ A2 B E ) B0, H SS Rl T4+ H3E ¢ N Al P i9F47, DRt , 78 SR 1
DX ST A B AR A e T DA e R A I Ny, 2R S fd R SRR e, (ELEE  BEAE Rt 06 4 G
C:PHIN:P 52 I 2 75 HLA i 1 | 0 75 B B 2 1 S SRR AR A X i — R R

4 Zit

TEWE BHE i A S B A X SR AR B A A5 A 2 i AR A B 2 2 80y, E AR 0—100
em )R L TC TN TP & i AL AR H, AR T e . ARREfe it 1R BUR  JEHUE £ 0% TC,
SE—MidE HI T R AT MEE R 1 TN &A1 N:P BAY B35 pO IR0, ELR i 2 A 5 n 2
PSR IS AR E AR H, TS 3 TC TP (C:N F1 C:P JC I3 20, X Ut IE & e % BE % 2 i 57 i L 3 5%
BIR A AR AR I e b A A s R AR A R B IR N R i) o BVAE 25 59% F1 19% , HLHEBE AT LA
A/ NSRBI D7 2000 5 2 T L A A R R R R 22 5, AT L | SRR FE R R AR 1 4% TC (TN 1 TP
i AR SR PR (RS 5 DR R 00 REAS P - 3 A A5 A s ek, 38 H S AE T R el 1
AR T F A TR R e, R 7 4 — W 250 T IR AA LI ZUIE 180 kg/hm? &5 T 5 4 2 1
WRAR PRkt I PR e SRR ) e T A8, ST 40 2R ] ik o R A 3R A s R R A G
BT AR TH SR T R BB A
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