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PO T MR . O M XA R R I 1 MRS A
5] HRATT A A ;& o, btk 2L 1 . .
i, e, )RR
1 s e i e [15] ARG T 2018—2020 4EFEHALKFIZK B K 2R
iR S A 2 TR . R BN e
s s e g W R KRS 2 W R, 58 A 9] R 4 RS
XTEG 7RV . VA RERTRE 3 MRS [RIEE T XM AR B AR e o =
e o N 3 o s M (34°50'N, 113°48'E, ¥4k 1104 m). ZXJEIE
VIRFE KRR PP BMAGF G, BUCKTRETK -
. . b s Ty AR 2 KA S X, RO 15.6 °C,
AEFRAE R A G E I B A FE I 7 2
" " e T BIBKEN 5422 mm, FEFHTEHEYIN 209 d,
CUIN A DA R bR F iy R
. o . o P H BRI N 1 869.7 ho RIS 3 b+,
BT R 2 WA ERES . IR KA E B P 2 o .
. N N TIEEFFRE N 1.35 g/em’, HIEIFEIKEN 32.4%,
R, H AR B v e AR A ORI B U U0 & =2 - o
) R AR KT 5 me 3R 1 NIREEHE 0~100 cm )2
B ARAE B — AR RE R, BB RO 2 A AR AR e e
N 3SR RO B 1 B I BEKRT ET, 224k
REEATTRER N RE . B, X AR FhE 5 1 LR R A
PR S\ R AN b R b s 22 B A 1L AT Table 1 Parameters of soil basic fe;ilityinth; experimental field
RGBT - [T}%%EG%%IEJ 21 Zliﬁﬁj‘b L*)-ﬂi += H 1 Wﬁ#%%/ Lxﬂl@“;/ Lxﬁl@ﬁam/ ﬁﬂﬁml
MEMMMEERR 2 M, BERE. Ui R fE/em (mokg™)  (gkg’) (mgkg") (g400g%)

BRI 3 A, RARRR A T i oo
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Al Fpoie A R I 7y =0 80~100 8.9 95 29

35
30
25
20 |4
15 |
10

5

0 1 a4 1 1 1 1 1 1 1
1025 1127 1230 0201 0306 0408 0511 0613 0716 0818 0920 1023

H

w
=T
&

0.5

F% K & /mm
ET,/mm

» S T T T TR SR N
O P, N W B~ OO N O

(a) 2018—2019 4£

3% r
30 |
25 |

| P l’
10 ) M 3 , ' &, ‘ l‘l .l‘ l "“U &‘l S
| [V N Finatpcangy N X - |ﬂ1‘7“

0
1025 1127 1230 0201 0306 0408 0511 0613 0716 0818 0920 1023

H

201948 20204 — 7K ——£D

F/K &fmm
ET,/mm

PR
O P N W M U1 O N ©

(b) 2019—2020 4F
B 1 2018—2020 4 4 #% 4 K39 A 4 K A= ET, Ak

Fig.1 Variations of precipitation and £7, during the growth period of winter wheat and summer cotton from 2018 to 2020
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KRR X BT K S, NE T MR 5 0.5 m MR . ARALETELE 2.
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MEMMEEBRE 2 NKF: BIXCONEER A, & M, EIELNERME ENRT, & 3 174
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BEEHMAETEMRITE, EMAEREEHRANTEH,
HIIAIEECA 20 emo 22BN (1 A& /N2 FEFh I A
TR RRAT, &/NERASATEEMAE, 1THFEA 15 cm;
e XHEZEEE .. KEHBRT, ERET 5
H 1 HEBHRERMEE, £L/DNEWGREFRA
FE ARG A6 ) SEAT EE R AR B O, # AR A7 1) R &
T ] EE 43 A4 70 cm A1 20 cm.

TEVEME 7 SN T, SR FHBERE . Fmi iy HE G A th
RTGRE, WA/ NFER G B ARCRER 7 XA H,
ANERERE T RS H R 3. R LK IR
P EBEIT (8], 4/ NERMERER RIEE N L
B 5 KT PR 2 H AR 2RI 70%+2% 0 46 #EWE
i K R B RE K B o AN (R AL R TR it AL it 24 55 R
B R — 3
1.3 MEIEIRSFHE
1.3.1 #h&Aert @ Ardg 4 (LAD

KNG EANEREE 3 HHAD, wh
7~10 d HEAT 1 KME . EEEEAS/NX BAREIER
20 cm ZATFEBRAE AN EREA, FAEH A FELILE
10 ¥R/NZZI5E Hobkm A LAL ¥R SRAFEFEN 0.1
em [ BRI &, LA R ARG 5E

Hiefe: fEffeEfE, B 7~10 d 31T 1k
Mg, AN BEAREER 5 HRABTEE e

AMERRFA LAL FRERAFEEN 0.1 em MER
D&, LAT R ARG E -

& 2 2018—2020 43X 30 1< F) &L 244 76

Table 2 Specific measures for different

treatment from 2018 to 2020

fE m EEESY  EEOTR ﬁﬁfﬁ% o

ERER

P111 (P1) iEE P (12) 193 90
F B [ Ui

PLZ oy w2 193 20

PLI3 FHEM bR 193 60

P211 (P2) iEE P (12) 300 90
F G R TRy

Pl2 ooy e () 300 20
F G R b

P213 (P2) (13) 300 60

P111 i*(%f)ﬂ] e R (12) 7.1 90
EAESY (Ui

P12 (P1) BB (12> 1l 20

L EER wEwE .

(P1) (13)
S R

P211 (;2) EERE (11) 71 90
F IR T

pai2 (P2) HEWE (12) [ 20
F IR b 2% i

P213 (P2) 3 7.1 60

k3 FRE#EHEG XEAAHK

Table 3 Technical parameters of the different irrigation methods

HEW 5 BT FH T R KRR W& RS
BEE BE5E 210 cm, BEK: 800 cm 0.002 S8R
4.0/(L st m?)
/;hv e s L s +‘~74+p’ i S /\“; e g ,
PSR B TEACHE 800 cm, A1 140 om Hl“)fﬂ:ﬁﬁli 1 D40 ?L”rﬁ"ftﬂﬁlg?ﬁ' WEHET LR T A ﬂtﬂﬂf?‘ij i H
0.165/(m*h™* m™) AL KILIRLER 30 cm, TAEE 77 0.3 MPa, 47 %& 1 400 cm
SRR WK 800 cm, FIEIRE 70 cm Wk FRL(2.0 L0 D16 HRN IR, WkIEIEE 20 om, TE/EJ) 0.1 MPa

132 FE 4R

KNG FERA/NX N BEHLE R RPN 4 m®
EORE DX e = i [ B PE SRR /N X P BE ML AR 3R
PERT 1 m KI/NEAT, AR NI 175
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FHE, ILRA/NE TR = AR

Hife: AN NBELEBARERER 4
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Fig.2 Dynamic change of plant height and leaf area index (LA4/) of wheat and cotton during the 2018—2019 growing season
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Fig.3 Dynamic change of plant height and leaf area index (LA/) of wheat and cotton during the 2019—2020 growing season
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FRIE S AN R AR A 30 e i

s JRU 5T R I R

FHRERB R /INE LA ML R R #bi
PR 10.28%; FMPEFME T E MRS LA
F IR DS 4.19%F0 6.34%. AH LI RER]
TUBUH IR, HhRTRE REVE IR B A N R MTE Ak
B LAL, &/NERR RS E R ELEE R
W REME 251 Nl Ee = T 12.04%F1 3.42%, LAI 4y
B E T 13.66%F1 7.07%; R MRk s E Hh 2R
R LEE ARSI T 20.41%
1 11.36%, LAI5rl$EE T 28.99%F1 13.00%.

22 FERIIEBTERTE

AN [N PR A QRN 7 2O & N R R AL = i
Jr= BRI WR 4 fin. MR ER I,
FJa BT &N E R T 18.36%. AFEIFHE

Pt A8 /N2 RHORL AR TR B3 AT S 35 5. AL
FRREMBL, 225 R R 0T B AR AE I B R B 2L
MR B BIER T 9.14%F1 5.64%. /S [F R
TN SRR AE ) A B R 43 2RI 5 R

ANTFHEWE 77 R I A /N R B AR A 7 B e
PIRAFAE 35 22 5. MR T HERE S B B IR & N
B TRREMME, 252 MRk ms
. P TREAF R, ARFER T X &N
FERL R AL AR > A B35 . MR HE N 1Y
A /INFE P BN L B R AR AR A VEE R 23 ) B e 28.68%
A 12.88%, EARCK AR =R NIEE T 26.42%F1
7.79%.

k4 TR XA 7 X T L&D Z A BARE = A > B MK

Table 4 Effects of different planting patterns and irrigation methods on yield and yield composition of winter wheat and summer cotton

X KNS T

o R msaohm?) gg% T MR T il SR TR

1n 585.7¢ 38.3b 38.1d 5193.0 g 9.0 be 5.1de 3 164.4de 36.5ab

PL 12 594.0¢ 39.7ab 38.0d 6 159.3f 9.0 be 5.1de 3500.9bc 36.3ab

13 628.0d 39.7ab 432a 7097.0¢ 11.0a 6.0ab 3852.0a 36.9ab

2018—2019

1n 685.7¢ 39.0b 40.1cd 6356.3 ef 77¢ 50e 2993.2¢ 36.1b

P2 12 690.0c 39.3b 39.3cd 7043 8¢ 9.0bc 5.8abed 3305.5¢d 375a

13 717.7b 39.0b 433ab 8192.9a 10.0ab 6.1a 3 578.4abc 37.6a

1n 593.0¢ 39.0b 40.3cd 5367.4¢ 10.0 ab 5.4 abcde 3000.6 ¢ 37.5a

PL 12 593.7¢ 40.0ab 41.2bc 6 158.0f 9.0 be 5.3bcde 3 564.4abc 36.6ab

13 632.3d 42.7a 44.0a 6 989.8cd 10.3ab 6.1a 3831.3a 37.3ab

2019—2020

In 687.7 ¢ 39.0b 40.3 cd 6 637.9de 7.3¢ 5.2¢cde 26684 f 373 ab

P2 12 684.7 ¢ 37.7b 38.0d 7 489.6b 9.0bc 6.0 abc 3500.0 be 36.7 ab

13 740.0 a 40.0 ab 4422 8030.1a 10.0 ab 5.8abed 3689.1 ab 37.4ab
Y 1.668 NS 0.709 NS 4589 2.013 NS 0.001 NS 0.510 NS 0.163 NS 1.420 NS
607.565" 1.816 NS 0.002 NS 233.216™ 5.689" 0.663 NS 11.449™ 1.073 NS
I 47.025" 1.901NS 36586 173.362" 8.622™ 9.108™ 62216 1.492 NS
Y 0.107 NS 1.390 NS 4979 1.260 NS 0.089 NS 0.201 NS 0.085 NS 0.951 NS
Y 1.423NS 1.390NS  0.049 NS 2.628 NS 0.267 NS 0.644 NS 3.793" 2.490 NS
Px 0.156 NS 0.879NS  1.433NS 0.361 NS 2.489 NS 3.406 NS 0.376 NS 1.339 NS
Y P 0.973 NS 0.113NS  2.045NS 1.000 NS 0.622 NS 0.103 NS 0.703 NS 0.450 NS

i RPARNGFREORIE R BE — S EZ R B (P<0.05), .

2.3 AEAETEMmER

AN [5) T A A R VB W 7 %S & /N 22 R0 B AR AE b
JRECUUIER 5 Fim. AN [FEPPORE AL 200 & /N2 T A
1600 R T B oA o A DU E RN e R, MR
R E R AN R EO R E, 5
HARACAT e KT o AR HEMR 7 200 4 /N 22 VR T i =
FUIRE AR AR, W EMIC 4R 4F 4
558 i AR o {1 T 2 R

2.4 AEIBTEREFNE

AN [ o A ORH B B 7 SO0 4 /N2 N i AR &
GFGE ISR 6 Fivn. 22 Ja ARt T R
M/ NERME RS THFRN R R, N 15 9249
To/hm’. BRI R T & /N 17 AR R
BRI 18.36%, FUIAN 2 EMER AT 1
3.80 fiF; GRS T EAMRIER P E LA
B BE AR 5.64%, 5 YN L 22 i & P o B AR
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10.59%. ZZJE BN E THF RN L iR B
P T e 8.64%.

T HE SR N AN B LR L TR T
WE 7 42 B 28.68%F1 12.88%, Ut N 0 il 12 &
45.64%F1 30.72%; HWFRRE KA N ERRAER A E L

T e O

BEEVEE . DT HEWE > MR 26.42%F0 7.79%, {1
NI AR 34.27%81 6.80%. GEHEEMNEME
MRAE, MR HE S T A TR RO LB . s
W REE AR T 734 5 36.01%F1 10.10%.

&5 FRAAEAR XA X T XD Z AR AR 2 R

Table 5 Effects of different planting patterns and irrigation methods on the quality of winter wheat and summer cotton

\ KN Hnte
o T, p— o o e
11 69.3 bc 14.6d 28.78 d 295b 28.8 de 829a 28.7b 4.4bcde
P1 12 69.3 bc 15.5 abcd 31.4 abc 29.8 ab 29.5 bede 81.5abc 29.1a 4.7ab
13 721a 165a 30.3bcd 30.5ab 3lla 81.2bc 29.7a 4.2e
201872019 11 69.7 bc 15.1bcd 30.4bcd 30.1ab 29 cde 81.9 abc 29.5a 48a
P2 12 69.5 bc 16.2 abc 30.5 bed 296 b 30.4 abc 81.8 abc 29.3a 4.3cde
13 72a 16.2 abc 32ab 30.5ab 30.8 ab 80.7¢c 299a 4.6 abcd
11 68.9 bc 15 cd 29.8 bed 30.1ab 29.8abcd 81.6abc 295a 4.3de
P1 12 70.1b 15.6abcd 31.5abc 30ab 29.4 bede 80.9¢c 29.7a 4.6 abcd
13 716a 15.8abcd 30.8 abcd 30.3ab 30.8 ab 82.6 ab 296a 4.6 abcd
2019—2020
11 68.5 bc 15.6 abcd 331a 3la 283e 82abc 29.3a 4.7 abc
P2 12 69.6 bc 15.6 abcd 29.5cd 29.8ab 30.2 abed 81hc 294 a 4.7 abc
13 721a 16.3ab 32ab 30.3ab 30.5ab 81.5abc 30.2a 4.6 abcd
F1i
Y 0.623 NS 0.064 NS 1.391 NS 0.851 NS 0.125 NS 0.053 NS 0.707 NS 0.772 NS
0.041 NS 1.425 NS 3.199 NS 0.543 NS 0.003 NS 0.820 NS 0.485 NS 2.874 NS
| 46.080** 6.911** 0.864 NS 1.745 NS 14.402** 2.000 NS 1.712 NS 0.514 NS
Y>P 0.321 NS 0.007 NS 0.000 NS 0.100 NS 1.259 NS 0.064 NS 0.474 NS 0.028 NS
Y 1.674 NS 0.831 NS 2.134 NS 1.061 NS 0.184 NS 3.136 NS 0.092 NS 1.751 NS
P>l 0.187 NS 0.325 NS 6.246** 1.197 NS 2.405 NS 0.754 NS 0.253 NS 5.543**
Y>Px 0.725 NS 0.701 NS 0.703 NS 0.035 NS 0.980 NS 0.853 NS 0.582 NS 3.554 NS

& 6 REAPAEAR XA BB H X T & DA A B AREEF A

Table 6 Effects of different planting patterns and irrigation methods on the economic benefits of winter wheat and summer cotton

Py i N
LA LA Lot
T Ak T g%l PN FEAHES AL N EICONG e O]
Getm?d  Gehmd VR Stn Gebmd gehmy VR Sa Getm?)
Gim?) Gihm?)
11 116323 4.500.0 6900.0 232.3 253149 3975.0 10 350.0 10989.9 112222
P1 12 13 796.9 6450.0 6 600.0 746.9 28 007.1 5925.0 10 050.0 12032.1 12 779.0
13 15897.4 8250.0 6150.0 14974 30 815.7 7725.0 9 600.0 13 490.7 14 988.1
2018—2019
11 14 238.1 4 650.0 6900.0 2 688.1 239459 4 050.0 9975.0 9920.9 12 609.0
P2 12 15778.1 6 600.0 6 600.0 2578.1 26 444.0 6 000.0 9675.0 10 769.0 13 347.0
13 18 352.1 8400.0 6150.0 3802.1 286269 7 800.0 92250 11 601.9 15 404.0
11 12 023.0 4500.0 6900.0 623.0 24 004.4 3975.0 10 350.0 9679.4 10302.4
P1 12 13793.8 6450.0 6 600.0 743.8 285154 5925.0 10 050.0 125404 13284.2
13 15657.2 8250.0 6150.0 1257.2 30650.4 7725.0 9 600.0 133254 14 582.6
2019—2020
11 14 868.9 4 650.0 6 900.0 33189 213470 4 050.0 9975.0 7322.0 10 640.9
P2 12 16 776.8 6 600.0 6 600.0 3576.8 28 000.2 6 000.0 9675.0 12325.2 15902.0
13 17 987.3 8400.0 6150.0 34373 29512.6 7 800.0 92250 12 487.6 15924.9
TN LAI S2mae R, o REwitma&/NE LAl
T N N . o
F RN N S5 A FR A R R &N AR R TS
PR R R &N MR R AN, (B &N TRERRAT, R/NEREEE R, B SEENE LAl
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o 2 AP B RRAERR R LAT (2025 R
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fem Mk E . LAL X TR T R TR K E
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IKRGRFFEIE B K, BET 2 MR R AR AK
AT G

MBI, 22 A e s &2 52T
KN BRERR 7 &, X BRI R A
AT A/ NIRRT AR AT . REE KR ST &
ANFEREIRY, RERRTHA N e BB, R
TR, MR e 5 T = 1
5.64% KA IXEERADN 2 MR E R T = A
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i, SEHMRE. LAl FE A KA W ERERL
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Effects of Biochar Amendment on Bioavailable Nutrients in Paddy Soil

JI Renjing®, HU Mengyang?, HE Yupu®", SHI Yuanzhi*, SONG Haochen®, FENG Zhengchao®
(1. State Key Laboratory of Hydrology-water Resources and Hydraulic Engineering,
Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2. College of Agricultural Science and Engineering, Hohai University, Nanjing 211100, China;
3. Gaochun Water Authority, Nanjing 211300, China)

Abstract: [Objective] Biochar is often used in soil amendment to improve soil quality and productivity. The
objective of this paper is to investigate its efficacy in improving soil nutrients in a water-saving irrigated paddy soil.
[ Method] The experiment was conducted from 2018 to 2019 in a paddy field with controlled irrigation. It
consisted of four biochar treatments: 0 (CK), 10 (CL), 20 (CM) and 40 t/hm? (CH). In each treatment, we measured
soil organic matter and mineral nitrogen. [Result] Amending the soil with biochar increased soil organic carbon
and the increase was in the order of CH>CM>CL>CK. The impact of biochar amendment on soil mineral nitrogen
varied. Compared to CK, CH, CM and CL increased ammonium by 1.52, 0.61 and 0.39 g/kg, respectively, in 2018,
while reduced them by 2.01, 1.71 and 0.99 g/kg, respectively, in 2019. After fertilizer application at the tillering
stage, CK saw the fastest increase in ammonium, while the ammonium in other treatments was comparable. After
fertilizer application at the spiking stage in 2019, ammonium content was comparable with that in 2018, and its
content in other treatments in 2019 was ranked in the order of CK>CL>CM>CH. The two-year experiment showed
that CH, CM and CL reduced nitrate content by 32.34%, 19.45% and 9.21%, respectively, compared to CK.
[ Conclusion] The effect of biochar amendment on soil organic carbon in the water-saving irrigated paddy field
was positively correlated with the biochar amount, but decreased as time elapsed. The biochar increased ammonium
content only at the early stage after the amendment, but it reduced nitrate nitrogen content. Nitrate content was
negatively correlated with biochar amendment amount. The biochar slows down the increase of ammonium
following fertilization, thereby reducing nitrogen loss.
Key words: water saving irrigation; biochar; paddy field; soil nutrients
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Effect of Irrigation and Planting Patterns on Yield,

Quality and Economic Return of Winter Wheat-cotton Cropping System
GUO Xuan', GUAN Xiaokang®, WEN Pengfei', WANG Tongchao®’,
ZHANG Hao®, WANG Shunsheng?, TONG Hao?

(1. Henan Agricultural University, Zhengzhou 450046, China;
2. North China University of Water Resources and Hydropower, Zhengzhou 450046, China)

Abstract: [Objective] Winter wheat-cotton rotation is a common cultivation in Yellow River Basin in China, but
they have an overlapped growing period. How to plant the cotton to make most of above- and below-ground
resources is an issue that is not well understood. This paper aims to investigate how planting and irrigation combine
to modulate growth, yields, quality and economic return of the two crops. [ Method] The experiment was conducted
in a field, with the cotton either directly drilled before the wheat was harvested or transplanted from a seedling bed
after wheat harvest. We compared three irrigations: border irrigation, micro-sprinkling hose irrigation and surface
drip irrigation. [Result] Transplantation improved leaf area index (LAI) and yield of the winter wheat, as well as
the net income of winter wheat compared with directly drilling, despite a 5.64% reduction in cotton yield; overall, its
total net income was 8.64% higher than the directly drilling. Compared with border irrigation and micro-sprinkling
hose irrigation, surface drip irrigation significantly improved the plant height, LAI, yield and economic return of the
two crops. The total net income of surface drip irrigation was 36.01% and 10.10% higher than that of border
irrigation and micro-sprinkling hose irrigation, respectively. Transplantation combined with surface drip irrigation
gave the highest net income at 15 924.9 yuan/hm®. [ Conclusion] Transplanting cotton seedling after harvesting the
winter wheat combined with surface drip irrigation reduces their competition for resources and is therefore optimal
for wheat-cotton rotation in the Yellow River Basin.
Key words: wheat cotton interplanting; transplanting cotton after wheat harvest; border irrigation; micro-sprinkling
hose irrigation; surface drip irrigation; net profit
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