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NPK requirements and their physiological efficiencies for winter wheat
under different cover measures in dryland

QU Hui-feng', ZHAO Hu-bing"*, LIU Ji-fei', HUANG Hong-bo’, WANG Zhao-hui', ZHAI Bing-nian'
( 1 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China;
2 Qian County Agricultural Technology Extension Station of Shaanxi Province, Qianxian, Shaanxi 713300, China )

Abstract: [ Objectives ] Water and fertilizer management and water-conserved cultivation have been the
research focuses in wheat production of the Northwest China. More attention has concentrated on the yield and
water use efficiency and less on nutrient uptakes and efficiencies after the formation of wheat grain yield. So in
this paper, effects of different cover measures on N, P and K requirements and physiological efficiencies of winter
wheat were studied in dryland of Loess Plateau. [ Method ] Using winter wheat as the test crop, continuous field

trials were conducted for 4 years in Yongshou County, Shaanxi Province. No nitrogen fertilizer was set as the

FSHE]: 2016-12-13 B HE: 2017-05-17

EEWMB: ERAKFFEES (31272250) ; EFRF2EHAR LI (2015BAD23B04 ) 3 fOLATFEATLEFLI (201503124 ) BEH,

EEBMT: Hal (1992—) , B, WAREAN, SiEmsst, FENERMYESRSHE R EAH5T, E-mail: quhuifengl992@126.com
* {5 /E# E-mail: zhaohubing@hotmail.com


http://dx.doi.org/10.11674/zwyf.16466

4 3] JE 20, S5 ARBTG5 A/ N I RO R S A BRI R 875

blank, applying N 195 kg/hm® as control. Other 4 treatments were designed as following: N150 kg/hm’ without
cover, N150 kg/hm’* and film mulching and hole sowing, N150 kg/hm’ and ridge mulching and furrow sowing,
N150 kg/hm* and straw mulching and hole sowing. Physiological demands and efficiencies of N, P and K for
winter wheat grain yields, grain nutrient contents and yield of grain formation were analyzed by measuring the
sample plants. [ Results ] The nitrogen requirement of non-covering treatment was 5.3% lower than that of
conventional nitrogen application, other indicators had no significant differences. Under the N 150 kg/hm’
application conditions, compared with no coverage, the yield of ridge mulching and furrow sowing was not
increased, while the aboveground N uptake was increased, and the nitrogen requirement of grain yield was
increased by 2.6%, the N physiological efficiency of grain yield was reduced by 6.3%. The yield of film
mulching and hole sowing was increased by 6.9%, the aboveground N uptake was increased by11.3%; the yield of
straw mulching and hole sowing was increased by 3.5%, the aboveground N uptake was increased by13.2%, and
the N requirement of grain yield was increased by 8.5%, the N physiological efficiency of grain yield was reduced
by 3.9%. Compared with the treatment of same amount of nitrogen applied without cover, the aboveground P and
K uptake of ridge mulching and furrow sowing was not increased, that of film mulching and hole sowing was
increased by15.6% and 23.4%, the K physiological efficiency of grain yield was reduced by10.6%; the
aboveground P and K uptake of straw mulching and hole sowing was increased by13.2% and 24.4%, the P and K
physiological efficiency of grain yield was reduced by 9.9% and 15.1%. After reducing the amount of N applied
from 195 kg/hm’ to 150 kg/hm’, compared with no coverage, using ridge mulching and furrow sowing technology
failed to increase wheat yield, but increased the aboveground N uptake, thereby increasing the N requirement of
grain yield, reducing the N physiological efficiency. Using the film mulching and hole sowing technology
improved the grain yield, increased the aboveground N uptake, therefore did not increase the N requirement of
grain yield and the N physiological efficiency. Using straw mulching and hole sowing technology increased grain
yield, and increased the aboveground N uptake, the N requirement of grain yield was also increased, thereby
reduced the N physiological efficiency. [ Conclusions ] Therefore, to ensure grain yield and nutrient quality in
dryland wheat production, the amount of nitrogen fertilizer should be increased under the plastic mulching and
straw mulching.

Key words: nitrogen reduction; cover measure; grain yield; nutrient content; nutrient requirement;
physiological efficiency
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Table 1 Effects of different treatments on grain yields and biomass of winter wheat
. 2012~2013 2013~2014 2014~2015 2015~2016 SFH{E Average

Tre%tfent FEHRL Y FEHRL Y FEHRL Y HEHRL Y AFRL AWt

Grain Biomass Grain Biomass Grain Biomass Grain Biomass Grain Biomass

CK 2850 ¢ 5925 ¢ 5224 ¢ 11551 ¢ 3292 ¢ 8823 d 2295 ¢ 6248 ¢ 3415¢ 8136 ¢
N1 4300 ab 8850 ab 6874 b 16626 b 7344 b 17368 ¢ 7115a 16358 a 6408 ab 14800 be

N2 3775 7950 b 7049 b 16601 b 7265 b 17183 ¢ 6763 ab 15278 b 6213 b 14253 ¢
RMFS 4367 a 9400 a 6774 b 17058 b 7048 b 16557 ¢ 6405 ab 15485 ab 6149 b 14625 be

FMHS 4475 a 9400 a 7599 a 19401 a 8366 a 21060 a 6115Db 15093 ab 6639 a 16238 a
SMHS 4525 a 9450 a 6786 b 17287 b 7916 a 19385b 6388 ab 15065 ab 6429 ab 15297 ab

1 (Note) : CK—ANifi%UIE No N application; N1—Jii&( 195 kg/hm? Jo# 3§ Applying N 195 kg/hm? without mulching; N2—Jifi%{ 150
kg/hm? Jo# 5 Applying N150 kg/hm? without mulching; RMFS—Z287 44k Ridge mulching furrow sowing; FMHS—4 /7 (#% Film mulching and
hole sowing; SMHS—##FF# i Straw mulching and hole sowing. [FIZEUE G A F/NG FH:R R R R BLR 22 7358 5% B35 /KT Values
followed by different small letters in a column indicate significant difference among the treatments at 0.05 level.
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Table 2 Grain and straw N uptakes of winter wheat under different treatments

. 2012~2013 2013~2014 2014~2015 2015~2016 SEH{E Average
Hii;t WRL O OREE FPRL REE RPR RREE KRR RWEF FPRL BT
Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw
CK 220a 85.2¢ 20.7b 143.6d 14.0c 81.6¢ 122d 362¢ 172 ¢ 86.7 ¢
N1 209 a 117.6 ab 24.6a 2719b 20.7b 270.6 b 19.8 ab 180.8 a 21.5ab  210.2 ab
N2 213a 105.8 be 258a 251.1¢ 19.7b 242.6 b 20.1a 170.3 a 21.7b 192.5b
RMFS 21.7a 126.5a 26.1a 271.2b 20.1b 249.6 b 173 ¢ 136.2b 21.3b 195.9 ab
FMHS 220a 1314a 253a 299.6a 203b 3029a 16.1¢ 121.6 b 209b 214.2 ab
SMHS 226a 136.7a 26.0a 278.0 ab 23.1a 313.0a 18.2 be 143.8b 22.5a 2179a

i (Note) : CK—ANifi%AL No N application; N1—Jiti %, 195 kg/hm? o 5§ Applying N 195 kg/hm? without mulching; N2—Jifi % 150
kg/hm? JCH 5 Applying N150 kg/hm? without mulching; RMFS—Z2 7 V44§ Ridge mulching furrow sowing; FMHS—4>7U#% Film mulching and
hole sowing; SMHS—% #1755 Straw mulching and hole sowing. [FFIBUE G A /NG FHEF R A RALBEE 22 5353 5% B3 /KF Values
followed by different small letters in a column indicate significant difference among the treatments at 0.05 level.
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Table 3 Grain and straw P uptakes of winter wheat under different treatments

. 2012~2013 2013~2014 2014~2015 2015~2016 SEH{E Average
nii;t WRL O OREE FPRL REE RPR RREE KRR RWEF FPRL BT
Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw

CK 2.7a 88e 3.1ab 189¢c 32a 12.1¢c 34a 9.1c 31la 122¢
N1 240 11.4cd 29b 28.1b 2.9 ab 257b 2.6¢ 20.7 ab 27¢ 21.4b
N2 23b 9.9 de 3.0b 263b 3.0 ab 257b 2.7be 20.3 ab 2.7be 20.5b
RMFS 23b 11.6 be 32a 28.6b 29b 239b 2.7be 189b 2.8 be 20.8b
FMHS 2.5ab 12.9 ab 3.1ab 323a 3.0 ab 30.0a 3.0 bc 19.7 ab 29abc  237a
SMHS 2.6 ab 13.6a 3.0 ab 28.4b 3.1ab 29.5a 3.1b 214a 2.9 ab 232a

i (Note) : CK—ANifi%AL No N application; N1—Jiti %, 195 kg/hm? o 5§ Applying N 195 kg/hm? without mulching; N2—Jifi % 150
kg/hm? JCH 5 Applying N150 kg/hm? without mulching; RMFS—Z2 7 V44§ Ridge mulching furrow sowing; FMHS—4>7U#% Film mulching and
hole sowing; SMHS—#%#17 3 Straw mulching and hole sowing. HUE )5 AR Fl/NG FhEFIR AR AL B0 22 5734 5 5% %7K F Values followed
by different small letters in a column indicate significant differences among the treatments at 0.05 level.
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Table 4 Grain and straw K uptakes of winter wheat under different treatments
2012~2013 2013~2014 2014~2015 2015~2016 A Average
Qb3
Treatment KR FEFF FFRL FEFF KR FEFF pag FEAT KFRL T
Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw
CK 40a 633 ¢ 31a 126.5 ¢ 38a 48.2 ¢ 34a 35.6b 36a 50.6 ¢
N1 3.8 ab 56.8 ab 29a 140.1 ab 3.5ab 1319b 29c¢ 102.7 a 33b 107.9 ab
N2 3.7 ab 52.1b 28a 116.2b 3.5ab 1244b 3.0 bc 96.0 a 33b 97.2b
RMFS 3.6 ab 60.5 ab 3.0a 127.1 ab 34b 126.9b 29c¢ 103.7 a 32b 104.5 ab
FMHS 35b 60.3 ab 29a 1493 a 34b 164.7 a 3.1bc 105.1a 33b 1199 a
SMHS 3.8 ab 66.2 a 28a 1484 a 34b 163.8 a 3.1bc 1052 a 33b 1209 a

1 (Note) : CK—ANifi%UIE No N application; N1—Jii&( 195 kg/hm? Jo# 3§ Applying N 195 kg/hm? without mulching; N2—Jifi%{ 150
kg/hm? JCEI 25 Applying N 150 kg/hm? without mulching; RMFS—Z& 7% ¥4j#% Ridge mulching furrow sowing; FMHS—4: /(3% Film mulching and
hole sowing; SMHS—##FF# i Straw mulching and hole sowing. [FIZEUE G A F/NG FH:R R R R BLR 22 7358 5% B35 /KT Values
followed by different small letters in a column indicate significant difference among the treatments at 0.05 level.

x5 TRLENSNEBQTIFRA~EMAABERDTRENZM (kg/100 kg)

Table 5 Nutrient requirements for 100 kg grain of winter wheat under different treatments

MbFH Treatment 2012~2013 2013~2014 2014~2015 2015~2016 S Average
N
CK 299a 273 ¢ 2.46d 1.58d 2.44d
N1 273 a 3.95 ab 3.68 ab 2544 3.23 ab
N2 281a 3.57b 333¢ 252a 3.06 ¢
RMFS 2.89a 4.02 ab 3.54be 2.12 be 3.14b
FMHS 293a 3.95 ab 3.61 be 198 ¢ 3.12b
SMHS 298a 410a 3.96a 224b 332a
P
CK 03la 0.36a 0.37a 0.40a 0.36a
NI 027a 0.41a 035a 0.29b 0.33b
N2 0.26a 037a 0.35a 0.30b 0.32b
RMFS 0.26a 042a 0.34a 0.30b 0.33b
FMHS 0.29a 0.43a 0.36a 0.32b 0.35a
SMHS 0.30a 042a 037a 0.34b 0.36a
K
CK 139a 1.52¢ 1.47d 1.55 ab 1.48b
NI 133a 2.03 ab 1.79 be 1.45 be 1.65ab
N2 1.38a 1.63 be 1.71¢ 1.42 be 1.54b
RMFS 139a 1.89 abc 1.80 be 1.63 ab 1.68ab
FMHS 135a 1.99 ab 1.96 ab 173 a 176 a
SMHS 143 a 220a 2.07a 1.65 ab 1.84a

i (Note) : CK—ANifi%AL No N application; N1—Jiti %, 195 kg/hm? o 5§ Applying N 195 kg/hm? without mulching; N2—Jifi % 150
kg/hm? JCH 5 Applying N150 kg/hm? without mulching; RMFS—Z2 7 V44§ Ridge mulching furrow sowing; FMHS—4>7U#% Film mulching and
hole sowing; SMHS—% #1755 Straw mulching and hole sowing. [FFIBUE G A /NG FHEF R A RALBEE 22 5353 5% B3 /KF Values
followed by different small letters in a column indicate significant difference among the treatments at 0.05 level.
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2013~2014 /K47 5 338 13.5% . 16.2% Fi
13.5%, AR AR FFEFAFE 55 4 V- BR RIS o i o)
S E AR P IR S N 9.4% T 12.5%

ST E A TR R AT, AEAR TR RS K F
T, AR IR R R T S A LA PR ST A AR A
WX REES, 16 150 kg/hm® YIRS T, 55K
FUREA L, &BEUEAE 2014~2015 F /K AR
2015~2016 KIKA-45 3152 EHMN 14.6% F1 21.8%;
FEFF A TEAE 2013~2014 F1 2014~2015 4FPAFoK
AEF1 2015~2016 KIKAEST ) B 380 34.9% . 21.1%
H16.2%, FEiFFEH: 4 4F 7 YRR #R A AR )
R EHIN 19.5%.

2.3.2 /NARFRLP R A SR EFCR AATARL

=6 TELIESNEFFR~ 8

PR I L RE BCR T H, TEA R ALK T,
AP U 2 AR BRASCR AR L PR CE A AR AR 2 T
W (3 6). TE 150 kg/hm® BRI T, 54K
PR LG, AR5 CHR 1 R A BERORAAE 2015~
2016 KOKAF B EHETN 27.3%; FEFFETEAE 2015~2016
JROKAE L F 1 12.0%, TM7E 2014~2015 /KA R
FW 16%. MHEAR FIBA 4 R EHROR,
AL PR [8) 1 TG W 35 25 o

LA R = B B il AR BSOR K B, N[
RACACET, A D8R B B A BRALCREAR LAk P s =K
TERAEAR I C B 225 . 16 150 kg/hm® Y it 5514
T, SRPUREMEL, BRI SRS AR
BTG AE 2013~2014 ~F/KAE 700 3 > 12.2% .
12.9% Fl 11.4%, FEFFELSE 4 - F38m A BIRCRAH L
A P IBE DD 9.9%
B R R TBHE (kg/kg)

Table 6 Physiological efficiencies for grain yield formation of N, P and K under different treatments

Kb Treatment 2012~2013 2013~2014 2014~2015 2015~2016 SEH5ME Average
N
CK 33.5a 374a 40.9 a 63.4a 438 a
N1 36.6a 253b 272 be 395¢ 32.1b
N2 35.6a 28.1b 30.1b 39.9 de 33.4b
RMFS 346a 25.0b 28.3 be 373e 313b
FMHS 343a 25.4b 28.0 be 50.8 b 346b
SMHS 34.1a 244D 253 ¢ 447 cd 32.1b
P
CK 3293 a 2763 a 272.5b 253.6 ¢ 283.0b
NI 3813 a 245.2 be 286.7 ab 344.4a 314.4a
N2 386.5a 269.4 ab 283.0 ab 333.8 ab 3182a
RMFS 378.1a 236.6 ¢ 295.1a 340.7 a 312.6a
FMHS 349.6 a 234.7 ¢ 280.2 ab 311.0 ab 293.9 ab
SMHS 3393 a 238.6 ¢ 270.7 ab 298.4 b 286.8 b
K
CK 72.5a 66.0 a 68.2a 65.0 abc 679a
N1 76.0 a 49.6 ¢ 56.0 be 70.0 a 62.9 ab
N2 733a 62.1 ab 59.0b 70.9 ab 66.3a
RMFS 722a 53.8 be 55.6 be 62.8 abc 61.1 ab
FMHS 7442 52.0 be 522 be 585¢ 59.3b
SMHS 703 a 46.1¢ 483 ¢ 60.6 bc 56.3b

# (Note) : CK—ANifi%&UIE No N application; N1—Jifi & 195 kg/hm? JofH 35 Applying N 195 kg/hm? without mulching; N2—jifi%& 150
kg/hm? JCH 7 Applying N150 kg/hm? without mulching; FMHS—242/i##% Film mulching and hole sowing; RMFS—Z2% /4% Ridge mulching
furrow sowing; SMHS—F% 17 3 Straw mulching and hole sowing. 2012~2013 4EH1 2015~2016 4F N KIK4E, 2013~2015 4 K3 KAF
Rainfall during 2012-2013 and 2015-2016 were less, and that during 2013-2015 was regular. 5 A [R)/NE F-HE 3R A RIAL B E] 24 5k 5] 5%
1. /K - Values followed by different small letters indicate significant differences among the treatments at 0.05 level.
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KPR 5 iR B0 A2 BRRCR T 21, 7E AR [
R, A7 D8 B B0 A= BRALCR AR HuAR P B X
1E 2013~2014 F/K4E W 25.2%. 7E 150 kg/hm?
MR RSME T, SR IEAM L, 2B
2015~2016 KUK ZFW A 17.5%; FHAFHEREE
2013~2014 F1 2014~2015 AR AE 2351 208/
25.8% Fl 18.1%, AW/ CREFMFEAEL G 4 4518 4=
PRASCR A He A P I8 53 0 . 35 0870 10.6% 1 15.1%.

3 i1

3.1 A RIBERBIEX & NEFFR 2 FFFRLTE S
BENF

Hi RS T RE R I D R Ky gk Kk, s K
GRS, fRHENEAR R BB, R EEY
RN T B AR B T T AR iz s, AT
HOMEY F= /7, Rehman S8 E /N A B W8 5
MO BT 5%, Li SF7E /N A 007 o M s
23%. ARKZFEHFEE 2012~2013 4F g F 1=
15.7%, AR G B 51" 6.8%, 5 Lk as i
—3, AR, KRR E S/ w5
IEAHSE, /NZE—2JE A b i = B T 4% i i 1
BEIRED NGE Pt AR BRAR AR, FTRE SR PRI R K
T B R A7 562, AR AE 2012~2013 4 7~9
A KNI RN 301 mm, 2014~2015 4E0K PRI R4
WA 318 mm, HAFHFWREK L, FfFHEmEerE
AR, 5 RS -8 Fk, MRS
AR T E A/ NE i, RS S AR IR IR £ 14
¥4 /N P

MR T S T R AN, (HRERL A
AW R, X ATRRSE i T b B A SRR AR TN
Y HEMSA SR, FEALE HREERRE, o
T REARS 7P 802, Ram 2502440 2 B A% 1 26 fdt
INZERERL T R B T R iR B i BRI |
Y . A EHE FT A 5 R R A B AE 2015~2016
AR D 9.5%, XTTRE SR R SR A
GRS

T M R T X /N 2 AR AR 5 T ) i G
B A R A T B AR R R B A AR
e, NERPRL SRS RS B R R,
Hby R G 3 o s - R IR RE ) AR TR
WCHE I XA RLFR 3 & 7 AR SR, MR 5 AR AN [
R AKAE AU [a] R TR 3 00 25 57, R T g
IR RS o 4 A N R U VR AR K R B R T 5
.

3.2 TRIBEBIHEXZNEFRERRIFE D
EREMEEWNEZ M

iy 275 55 5 R L7 Y I T R R R A B
B, TR TR I M R A AN A
BN B e, 3K AR R A E R A 7 Y
FERRGINE, SRR HUGE LR,
FERL= i, [l BBG I RS FF IR AU, hORERL T TR
7 AR A BRROR RIS I BRI P iR
B, MRS AR ARG, AT TR R R
BT R AR TR R R R EROR
A R i . RSP A =GN, kR =P
B A I, AR 1R I8 Y &
AR,

DA DG T b 2R T KR BB R B . B
SRS . FAECR N IRER D, KT AE
Tt B L AR L R IX sk ) 4 R R T 22 A R AR
W PPRON 255 . BRI AERT LSS 2000~2011 4
BN T BOkE, 45 A AT FERL ™ R
BN 0.6 kg, AN 0.3 kg; ARSI AL
BOWE AR ARy 189.5 kg/kg, T AR 301.5
kg/kgo X FEEIEF A S R SR L, +
AW, BRAR T /N X W s R, A
M/ T I BB KR = 5 i I 28 . B4 T/
F2 WS BRAST Tl Z5 0 R PR P BB o Chuan 55294
BEEHEATAPRLR A 1.9 kg, & TARKER
1.66 kg; Frrifi A H AN 52.7 kg/kg, R T AL
Y 62.3 kg/kg.

4 ZhiE

AP B AN A L SR R AL
e FCR G B0  HE HR A E
RO, RS R SRERE A, MRS TR R
WO B R TR R B LA R
SBHRARERRL R, RS R L
RS A= BRI T SR R B . BT
B 07 B, BT RARE R CRE, TR
RO BRI, TR TR L
YA TR . DRI, S/ 7 o R
PR, A AR L3 0 S Bt
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