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Effects of different mulching patterns and irrigation quotas on soil
hydrothermal, nutrients and yield of sunflower farmland in Hexi Oasis
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(1. College of Water Conservancy and HydropowerEngineering , Gansu Agricultural University, Lanzhou, Gansu 730070, China;

2. Water Resources Planning and Research Institute of Xinjinag Water Resources Department, Urumgqi, Xinjiang 830000, China)

Abstract: To clarify the yield-increasing mechanism of different mulching methods combined with irrigation
quota in sunflower planting, three mulching methods including plastic film mulching (S), straw mulching (F) and
straw mat mulching with crushed wheat straw (SF) and no mulching (N) as the control were set up in this study.
Two irrigation quotas were 900 m® + hm>(H) and 750 m’ - hm™>(M). The soil water and temperature, nutrients
and yield of sunflower were studied. The results showed that mulching treatments combined with different irrigation
quotas increased soil water storage compared with non-mulching planting. When the irrigation quota was 900 m® -
hm™, SF and F increased by 23.89% and 12.37%, and S increased by 6.50%. When the irrigation quota was 750
m’ + hm™, SF, F and S significantly increased by 20.64% , 8.23% and 6.96% , respectively. Mulching combined
with different irrigation quota had different effects on soil temperature. When the irrigation quota was 900 m’ -

hm™, SF and F increased by 2.82% ~7.43%, and S decreased by 4.3% compared with N. When the irrigation
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quota was 750 m® + hm™, SF and F were higher than N, with an increase of 1.40% ~6.87%. Mulching treatment
combined with different irrigation ration increased the contents of soil alkali-hydrolyzed nitrogen, available phos-
phorus, available potassium, and organic matter. Compared with N treatment, SF treatment significantly increased
the contents of organic matter, available phosphorus, available potassium, and alkali-hydrolyzed nitrogen by
16.7%, 15.2%, 12.8% and 16.5% , respectively. Compared with N treatment, F and S treatments increased organ-
ic matter, available phosphorus, and potassium by 6.3% ~6.8%, 4.7% ~7.8% and 8.6% ~ 8.8% , respectively.
Mulching treatment combined with different irrigation quota increased the yield and water use efficiency ( WUE) of
sunflower. Compared with N treatment, SFH, SH, FH, SFM and FM treatments increased by 25.9%, 6.7%,
10.4%, 18.2% and 15.2%, respectively, while SM decreased by 3.1% and SFM treatment increased WUE by
6.3%. In conclusion, SFM treatment had great advantages in improving soil moisture and temperature of sunflower,
increasing soil nutrients, sunflower yield, and water use efficiency. Therefore, SFM planting pattern is a suitable

agricultural production technology for sunflower cultivation in Hexi oasis.

Keywords: sunflower; irrigation quota; water storage; broken wheat straw cushion film mulch; yield
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Treatment code Treatment Trrigation method J(m® - hm-?) Instruction
m” + hm
C Jo? 5 No mulching I Border irrigation 0 SR AL
Open ground was not covered
NH JofE % No mulching BEHE Border irrigation 900 BRsABLE
Open ground was not covered
FEFFRE KREFFE T 3T, B FF &N 4 500 m® - hm ™
SH " - ¥ Border irrigation 900 Long straw covered on the soil surface, straw capacity
Straw mulching of 4 500 m® « b2
FH MR LGN e 900 R A A R
Plastic film mulching  Traditional irrigation on film Mulch covered the surface of the soil
" - L HIER I S HBIRIE A 1 ~2 em R RER)Z B
WA WA RSB L o o A
Plastic film mulchi Irrigation on film by R 4500w’  hm
SFH astic 1m mi ching Trigation on T by 900 A 1~2 cm straw cushion was formed between the soil
by crushed wheat crushed wheat . . .
. . surface and the plastic film, and the straw capacity was
straw padding straw padding 4 500m° - hm-2
m° + hm
NM Jo78 35 No mulching E#E Border irrigation 750 B AR
Open ground was not covered
TR KAEFE T Lk m , #FF AR 4 500 kg + hm™
SM " o E#E Border irrigation 750 Long straw covered on the soil surface, straw capacity
Straw mulching of 4 500 m? « b2
o O L L I
Plastic film mulching  Traditional irrigation on film Mulch covered the surface of the soil
R S MR R 1 ~2 om BIRREFE O FE
RSN 5 WA RS U N 4 500 m® - hm™?
SFM Plastic film mulching by  Irrigation on film by crushed 750 A 1~2 cm straw cushion was formed between the soil
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Fig.1 Effects of different mulching methods on soil water storage
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Fig.2  Effects of different mulching methods on soil temperature
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Note; Different lowercase letters indicate significant differences

between Duncan multiple comparison and different treatments at 5%
level.
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Fig.3 Effects of different mulching methods on soil pH value
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Table 2 Soil nutrients in different soil layers of different treatments

M EF8+n Qb3 + 2R Soil depth/cm
Indicator Treatment 0~20 20~40 40~60 60~ 80 80~100 100~120
NH 3.98bc 3.24bc 2.73cd 1.81d 1.53¢ 1.46b
SH 4.65ab 3.09be 3.01b 2.59b 2.03b 1.54b
FH 4.32bc 3.31be 2.91bc 2.39be 1.57¢ 1.53b
TIPSR/ (mg - kg™!) SFH 4.69ab 3.06bc 2.45e 1.90d 1.50¢ 1.42b
Soil organic matter content NM 3.93be 3.02¢ 2.92be 2.21c 1.84be 1.21b
SM 3.65¢ 3.22be 2.57de 2.38bc 1.90bc 1.38b
FM 3.91be 3.35b 2.38e 2.58b 2.11b 1.52b
SFM 5.27a 3.94a 3.56a 3.55a 2.51a 2.06a
NH 17.68d 11.20c 9.28¢ 6.34g 4.33e 3.02d
SH 18.08cd 12.29be 9.01c 6.96e 5.86d 4.64c
FH 18.49¢d 11.64be 10.37b 7.31d 6.74c 4.51¢
I A SR/ (mg - kg™ SFH 19.80b 13.38b 8.01d 6.65f 5.69d 5.38b
Soil alkali-hydrolyzed nitrogen content NM 18.75¢ 12.91be 10.02b 8.71b 8.66b 6.87a
SM 17.65d 12.60be 10.19b 8.23¢ 6.61c 5.43b
M 16.39%¢ 12.08be 9.06¢ 6.78ef 6.91c 4.64c
SFM 23.95a 17.73a 13.71a 10.49a 9.38a 6.89a
NH 19.33¢ 8.80d 6.98¢ 6.28¢c 7.00b 6.45¢
SH 19.73¢ 10.43cd 8.79a 6.33¢ 6.40b 7.54a
FH 20.45¢ 9.94cd 7.30bc 8.28a 6.70b 5.88d
S R/ (mg - kg™ SFH 23.79b 10.14cd 7.19¢ 7.00b 6.76b 6.43c
Soil available phosphorus content NM 20.60c¢ 10.05¢d 6.21d 6.91bc 6.71b 7.18b
SM 20.67c 10.91bc 7.21c 6.78bc 6.76h 6.50c
FM 20.99¢ 12.3ab 7.94b 7.39b 7.88a 6.93b
SFM 27.31a 13.44a 8.64a 8.38a 7.01b 6.55¢
NH 258.65¢ 163.79bcd 158.49¢ 112.79¢ 103.81d 104.46¢
SH 287.65b 176.58bc 173.45¢ 153.90d 123.74cd 110.41e
FH 223.64d 155.94¢d 172.76¢ 138.65d 123.26¢d 118.23de
ISR/ (mg - kg ™) SFH 210.82d 147.85d 164.83¢c 133.15de 129.64¢ 131.2de
Soil available potassium content NM 275.83b 184.61b 200.58b 178.01¢ 158.03b 143.48cd
SM 271.75b 179.10bc 211.56ab 211.06b 176.89b 159.61bc
M 256.48¢ 184.94b 231.63a 238.76a 214.95a 181.55ab
SFM 332.02a 219.20a 235.28a 232.54a 212.34ab 194.41a

TE A E/NE TR RIR Duncan 28 WA R BEIAE 5% K- T 25723, TR,

Note : Different lowercase letters indicate significant differences between Duncan multiple comparison and different treatments at 5% level. The same

below.
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Table 3  Plant height and stem diameter of sunflower of different treatments
e b B Growth period
il e i SN A AR ey
Seedling stage Budding period  Flowering period Filling stage Mature stage
NH 9.4¢ 33.1c 155.1¢ 122.3¢ 137.7be
SH 9.1¢ 47.3¢ 132.5¢ 127.6be 141.7be
FH 21.7ab 98.2a 184.4a 155.5a 161.3a
PR/ em SFH 19.6ab 88.1ab 175.3b 154.3a 146.3bc
Plant height NM 8.2¢ 42.4c 150.9¢d 131.3bc 133.3¢
SM 10.2¢ 39.7¢ 142.7d 132.7h 139.8bc
M 22.3a 76.1b 181.2ab 140.2ab 140.0b
SFM 18.4b 72.3b 185.1a 135.0b 165.8a
NH 6.0de 12.0d 21.79¢ 24.35bc 25.94a
SH 4.8e 13.1cd 24.98¢ 23.12¢ 25.68a
FH 11.0b 20.1a 29.14a 28.74a 32.97a
2/ mm SFH 10.0b 17.5ab 26.26ab 27.12ab 26.18a
Stem diameter NM 6.0de 13.2¢d 23.14be 23.87be 24.53a
SM 7.1ced 11.3d 21.73¢ 24.58b¢ 27.09a
M 12.5a 18.0ab 27.21b 26.42abc 25.74a
SFM 8.2¢ 15.5be 22.88¢ 25.12abc 27.05a
x4 AESEBHAANFEFSHNHN
Table 4  Sunflower yield of different treatment
#E = Organ yield/ (kg « hm™?) £ 48E i L Proportion of organs/%
Qb3
Treatment = R 1ELE KPR B A s FPRL
Stem Leaf blade Faceplate Grain Stem Leaf blade Faceplate Grain
NH 6476.19 4273.91 11272.76 6346.29ab 22.85 14.97 39.65 22.52
SH 4571.43 1897.14 5692.76 4497.71¢ 27.86 11.62 33.32 27.2
FH 5238.10 2683.24 5340.00 5041.14bc 28.9 14.21 29.53 27.35
SFH 5809.52 2883.81 13738.29 7404.57a 20.17 9.64 44.15 26.03
NM 7003.33 3650.10 15098.10 7081.14a 22.11 10.77 43.59 23.53
SM 5047.62 2458.29 8502.67 4640.00bc 23.76 14.08 40.21 21.95
FM 6380.95 3162.10 13048.38 7226.86a 21.95 10.33 41.04 26.67
SFM 7504.76 4792.38 23630.29 7713.71a 20.45 10.21 40.65 28.69

244 REFEFEZRRKSARZE BES A
T UK CE R R E RN, &2 AR
R4S AN [R], SFM Ab P65 38 7= ki 4, A R |
IR AT I FHASCRFISCAR AR B35 5K, SH AL B ™= Foki 5L
BIRK 43 R /0y, SHAL FEORE 0 Ee /b, NH 4k
FEECRIE 5/, SM A FRIKCHR 48 B/, 2 E K E
KA 900 m® - hm 2, SF Ab 3 B K B w6
Ab P G AR R 14.29% , UKL ECAE S F Fil SF AR 3L (1]
TCiE R AR R E RN SF>F>S>N, H
KA FRAIA M 22 5, R E MR/ ME 2
4.69 g;7K 43 F I8 3 55 Kl SF AL 3 (27.26 kg -
hm™ « mm™) IO 55 7 X E R R 24.61%; 1K
AR KA S AbB] S F FI SF Ab PTG i 3 22 5+
(P>0.05), MPEKEH N 750 m® + hm>Hf, SF 4b

PHPE R R, FALFRR 22, S AR F NV 1 7 A A/
SF Kb 3 7= 5 45 G 7 2 A0S AT 78 26 b 3 1) b 2 4
15 8.2%F1 39.85% ; SF Ab BR Uk K . 1 4 Kk L /K 40 F)
FHRCRE R B S b/, FTDLE IR T
B 5 F FRCR B A1, SF AR B K 43 1] SR 35 0
TP 7.10% , R FT 7 35 0 3 P 41.21% ; Ik
SRR SF AR, B/ N S b

M 6 I, B2 i 5 R OK & 2 U C
KR, GERE PR LR AR B EIEHAXC
R, 5 R BORFE B AR B3 UL 2%
ORI R BRI AL 5 B AR B 2 A R AR
., &S 8 pH B OaMEER, 5k
BACRE 1 et At B 3 LR OG5 AU R A R A S
FIEME, 5 N A A AR B
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Table 5 Sunflower yield and water use efficiency of different treatment

‘ = e sp . 7] % IFH%\ 2 RS
w3 PR yield R (4 B ) PR W R esis i
Treatment /(kg + hm™) Number of particles Hundred grain weight/g - _ly Harvest index/%
/(kg » hm™ - mm™")
NH 6346.29ab 987a 13.39¢ 20.55be 22.52ab
SH 4497.71c 681abe 14.35bc 14.59d 27.35a
FH 5041.14bc 752abe 14.94abc 17.01cd 27.21a
SFH 7404.57a 810abc 18.08ab 27.26a 26.03a
NM 7081.14a 855abc 15.47abe 25.47ab 23.53ab
SM 4640.00bc 826ab 15.00abc 16.12cd 21.95ab
M 7226.86a 913ab 18.24a 25.43ab 26.67a
SFM 7713.71a 1038a 18.91a 28.91a 28.69a
xo6 REFESTERZHEFRHBEXEDT
Table 6  Correlation analysis of sunflower yield and main agronomic indicators
f&tn TR R 160/ ek HORLH WoAfHE £ WUk R ER
Indicator Yield Soil water storage Soil temperature Hundred grain weight Harvest index ~ Number of particles Disc diameter
FE i Yield 1 -0.312* 0.040 0.705* * -0.138 0414~ 0.551**
‘\‘nrlr E=N
.j:}%%)\gﬂ(gﬂ 1 0.253 -0.308 " 0.423** -0.116 -0.122
Soil water storage
+HERE Soil temperature 1 -0.018 0.128 0.036 0.228
‘BhiTE Hundred grain weight 1 -0.268 0.163 0414 "
WeARAEEL Harvest index 1 -0.050 -0.222
WK Number of particles 1 0.380* *
6L HAE Disc diameter 1
Heow, = o« SRR BEEFN RS, TR,
Note; * and * * indicate significance and extreme significance, respectively, the same below.
*7 REFESTIEBENEROEXMESH
Table 7  Correlation analysis of sunflower yield and soil physical and chemical properties
- o - LN A i 7 2R
htr i A% pH f OrgeﬁﬁL r?iltter Availabll;)‘f}ﬁphorus A\Vailaﬁefiﬁassium Alka@lﬁlﬁlvzed
Indicator Yield Soil pH . X
content content content nitrogen content
7e i Yield 1 -0.329" -0.059 0.306 " 0.369 " * 0.382" "
13 pH {H Soil pH 1 -0.290" -0.331" -0.289 -0.259
AP Organic matter 1 0.468* * 0.609 * * 0.882" "
LMW Available phosphorus 1 0.362" " 0.500 " *
HELAT Available potassium 1 0.651" "
TR A L Alkali—hydrolyzed nitrogen 1
s W T LA - R ) Wb T MR T
i 9" . 5 . S
AR MK IANBER TR, X GRS
3 AEABEAXMNTEWVKEMTBREN  S5RAAM, AUFCRAD FEFFE 57 & R R
) TR ASCRY , ARl A PRI, mT PR 5% il

A 7 FCANE 7K E U 5 i+ S K R A+
HER RSB R, K —E T, BRIk
ARSI SESF>SSN 1 2 i 4 IR BT 2t %f
KR B R MR L T BT S RS AT B A o
a5, 0 R Sy B BRI, x5 50/ e 45T B
FEASRANIR] , WFFE B, T 7 2 % - S JCRUK Y
ZRRATRILINE I AR w i K S AT LA 80
MR AR T M TG R R o X2 PR O B i 1

AR A T IR, X S A T 5T A7 AE 22 57,
PR X 0L A b Sl AR T M T i, X5 i
APV BEFER Y] MU SRR A IR
SRR U A A U EY A L, TS 2
PRI . a6 oI5 s FIRS AT B o — LA,
T2 At i S 7 ot A A A 00 Ml R AR X G
B MR o MRS AT 3 s A e, A R TR 5
ARG TR R TR A S b R R AR A g Tk T
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FXRRAE , T B0 A 1 bR, T O b 3 TR B AR
BRI, 3K 5 IR AR KRER, H
FIRMI R R T+ 762 PR AR S 5 7K 50 &%
T i P A B I T v S g X b
T AR BN, A W 5T 2 W b R 55 T LA i+
HERJZR B IE R I RO AR AR A i 7=
AN R AT R, DRI R M
5 AT K Sy 78 K HESR K 418 35, G I TR
JE HHEK IR 0350 5 55 D) B
WA 2 AR R REIET, AR RIE T T,
Jo FAE B 200 P A e B A B B 22 B v Y 38 R
i 200 G SR I AN JE B b I 5 5 S 2 K A3 ad
WAL TP T R RS R 56 0T A S
e R AR X P T3 Y (A R R BRI, +
oK s, R A B, BB R
1 ALK 43400 R B AR A0 3 1 R R O A
TR o H IR B P R R RS A 2 A X
A I S e b SRR AR 4G 7 56 T A AR b B —
b RS F B 5 4 R 1 BR800 el D A SR T Rk
AR R TR AT AR BT 9 R ), DA 4R v B /K
ABHFEKAES)  BEEEY I BOK S 2
32 AABEFXMTEBUERMAETEN

=210

SR TR A AR A KOG BER R R
RIS R RS AP S E O U R T T
T HEAE 7, A A BT R AR 4 8
T 4.97% .7.55% .12.33% ,pH {E#K T 1.83%, X
EARBEEAE B, FE AN 25 )5 19 48 pH (K
FHEFIRT, Mo A 5 R AT 5 R RS A
YA REAR pH Byash (HR 4 A0 BR]) 28 S AR B 3,
W2 I BT 1) T8 /K A R 1 4 v 7 e R K 43
FIZCR . TEMFREACE BT, A 203 435 Bl
o 7 IR Ay A A e R 5 > b B o > R AT
BRSTOHE T, R R 2R AT LI + 1A=
T AEEEYEC FERE IR AR E TR RS AR IR AT L
N RN PR G AR PR AR K
FEOTHEN , WA RS 5 R 2 HIRE SR B
Fe TIHAPIRE 56 550, BB A AR i e i
ROM N =, A T EERRNARK EER R
FIRRRA ) IR R 25 7 i

BEPFRUEG Y B MA T 8, Y
AR EZE R PR = SRR TR A B R AT
R it SRR R 2R R T IR A K e AR
VX 5 S D BT A5 AR, BT AT
SEUOTIR T A M T R R+ A 56 A0 B Y

KGRI EOK T IR AP, 2 B4 T 5.39%
14.48% ; ik 55 Vs AR, RS R IS, AR
PR L O T R AIG 5.2% , AT H b B 55 A
TAR 2 A 0 I 7 25 7 i LU TG B 35 49 i 39 0 6. 19% A1
2.2% ~14. 1% , i F5 FF 8 S e o 35 0y AR T
9.9% , [ it 75 H WSO B JIE 76 26 B 0 7 s 1 1
7.6% , FEFT 7 35 MRS B O S IR T 12.8%
SRIM ARG S S B A5 PP e R X 7= i
HEINT 9.84% , X 5A LI LB AT, IR G015
s FREE /N T RERZ T AT E%E
PR, ARG R PR R AR W R X A 9 R B e B A 1
FH 80 R A FE A 25 1 1 8 0 - HE A B ok i A
PR PR, XUBLERAE 2, o e S 7 i
TAHSCIC R, EORLE ] JHE 27 7 3 7= LA AR 1
8w P R IR AT 56 n o — e R R
B 25 HLLA 5 000 kg - hm 2 OFS AT S 28 H
B 5 T I A R R R 5 T LA AR ] 2%
KA FF A S5 AR A K B AT R AR T - R
JE T B oK AR K R T K
FUK A P RORBEAR . AR IRIGAS Y, B — (RS AT 3
TEXTI A 25 AR TR A A R 55 T
FrA, FER AR Fig o w0 XK BN
L SO A DG R G R TR DR A B
FBFRVE X Ak J7 1 A — 5 W AR R0, 7 7 3R
2R B R, R RGBT BN SRR
Y , AR KRR RS, R 2R BT R
M, X ik e % i —,

4 % ik

T A A A 35 %o+ /K A i 4
S4BT T FRS AF AT 5 B AN, B 2 A
B 5 RS A B I I B AR O T | b R 5
MRS R B E , A M TR AR K LT
FEATRhFE A LT | B IS5 PRIEEY AR
KA FRAT N 5 FE K E BN 750 m® « h ™ B L B 7
T ER R SN R m T A S, 8%
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