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Effects of Straw Returning and Application of Stable Nitrogen Fertilizer
on Water and Nitrogen Use Efficiencies of Wheat Maize Rotation

ZHAO Zhengxin'>  WANG Xiaoyun'> LI Fuyang'?> WANG Rui'?> TIAN Yajie'> CAI Huanjie'*
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: In order to explore the comprehensive impact of straw returning with stable nitrogen fertilizer
on crop growth and water and nitrogen utilization of wheat maize rotation system in Guanzhong region, and
determine reasonable high-yield and efficient fertilization management measures, two straw returning
modes (no straw returning, full straw returning) and two nitrogen application measures ( conventional
urea and reduced application of stable nitrogen fertilizer ) were set up in a completely random
combination, and straw free returning and no fertilization were set as control, a total of five treatments
were set to study and analyze crop yield, aboveground biomass, soil ammonia volatilization accumulation
soil moisture content, soil nitrate nitrogen residue and water and nitrogen utilization efficiency. The

results showed that straw returning to the field could significantly increase the yield of summer maize and
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winter wheat by 28.03% ~ 39.63% and 90.10% ~ 112.52% , respectively, and increase the
aboveground biomass by 27.88% ~ 34.00% and 78.96% ~ 107.64% .

nitrogen fertilizer reduced the soil ammonia volatilization accumulation by 50.18% ~ 59.32%

The application of stable
and
68.21% ~73.43% during the whole growth period of summer maize season and winter wheat season
respectively compared with the application of conventional urea. Straw returning to the field could
significantly increase the soil moisture content of 0 ~ 10 ¢m soil in summer maize season by 6.29% -~
21.38% , and that of 0 ~ 10 cm soil in winter wheat season by 6.80% ~ 25.06% . Under the same
fertilization measures, straw returning to the field could significantly reduce the NO; - N residues in the
0 ~100 cm soil of summer maize and winter wheat at harvest time by 7.34% ~ 10.78% and 6.57% ~
11.24% . Under the same straw returning mode, the application of stable nitrogen fertilizer could
significantly reduce the NO; - N residues in the 0 ~ 100 c¢m soil of summer maize and winter wheat at
harvest time by 28.96% ~31.63% and 4. 16% ~9.54% compared with that of application of urea.
Under the same fertilization measures, straw returning significantly improved water use efficiency,
nitrogen partial productivity and nitrogen agronomic efficiency in summer maize season and winter wheat
season by 4.55% ~7.85% , 5.79% ~12.08% , 25.22% ~41.43% and 7.36% ~9.73% , 2.25% ~
14.38% and 4.33% ~30.35% . Under the same straw returning mode, the application of stable nitrogen
fertilizer significantly improved the partial productivity of nitrogen fertilizer, agronomic efficiency of
nitrogen fertilizer, nitrogen absorption efficiency, nitrogen recovery efficiency of 43.75% ~ 52.29% ,
42.01% ~60.39% , 62.07% ~ 66.67% , 52.50% ~72.73% and 21.93% ~36.41% , 11.37% ~
39.14% , 50.67% ~53.85% , 60.00% ~ 64.15% , respectively, in summer maize season and winter
wheat. Therefore, straw returning with stable nitrogen fertilizer would significantly improve water and
nitrogen use efficiency of wheat maize rotation system, reduce nitrogen volatilization loss and nitrogen
leaching risk. Based on comprehensive consideration, 180 kg/hm’ stable nitrogen fertilizer and
150 kg/hm’ stable nitrogen fertilizer were reasonable fertilization measures for realizing high yield and
efficiency of summer maize and winter wheat in Guanzhong area.

Key words: straw returning; stable nitrogen fertilizer; yield; ammonia volatilization; soil NO; -N; water

and nitrogen utilization
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1.1 #HRE#HR

T 2020 4 6 H—2021 4 6 H 7EPE b4k
ARBHEL K27 HEm R RO K 4 TR R S =
K WL 5wl (34° 177 N, 108°04" E, iff ik
521 m) #FA7 o % X B Y 2 3 A o T 2R KU
ot AR TCFR ] 210 d, H BRI % 2 164 h 43K
I 12.9C , Z 4 F- R K i 550 mm, {2
U+ pH {H 7.8,0 ~ 20 em HFZE A ML & &
(JEHE ) 14,48 g/kg, 5T 1.40 g/em’ |, 3B &
#1367 mg/kg, A7 XM F & 183. 20 mg/kg, {5
W RGBT 1 TR o

401 o o . 90
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Fig.1 Daily maximum and minimum temperature and

precipitation distribution in test area during test period
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Tab.1 Experimental design
B ALY RS FFIE T

Jits 480 Fh 2 Bt Ui/ (kg -hm )

NF1 0 WHLR % (E K 270, /4 200)
NF2 0 R s 1 RUIE (K 180, /8% 150)
SF1 4R H HHLRZ (K 270, /4 200)
Sk2 Eoaeuyil| Fa e PEEUIE (2K 180,/ 150)
NFO 0 AN it

1.3 WMEMBEFE
1.3.1 &

KR K BN B 7E £ b BN X R AL B 10 B
FORFE, A SR RT 5 R AR B, [F] B 2 5 oK R,
I BB AW 5 (FKE 14% ) . /N BT,
FEA5 AL BR/NX BEH 1 m® K I 51 1N, AR KT
S R FR g (] P 000 5 7K 38 O 4 B8 A 0 b
(FKFE14%)

1.3.2 M EERAEY R

T oK AR K R A A Ak B G /N X P B AL 36 B
3R K G Tl TR B EOK b B A R AR 2R
RO HEA% BT T ERAH N 105°C R/ 3 30 min, 2
JETSC TR EE S, IR e, B A
WAE i TR/ AR A A T A AL B /N X
PEHL 0. 06 m* K I LBy /INAE B AE S 25 i R4
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TR A T E A, PRIRCT T &, IR T B A b A
Y,

1.3.3 +3fE NH, LK E

4 NH, 3% & R Ak AT T
RN I S 55 1 A A R HORE 1k, Z 5 A = &5
B3 dHUE 1R EIT R B 7 d U 1 IR 2
P R REARAIRAS R JBORE o BBORE 25 3 Ji5 6 W £ 1) 1 4 3.
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A A% 300 mL ¥ 4 1 mol/L S Ak 87 V4 WK 11
SR P9 HE AT IR T 42 B, O AA3 B IR 3 4 M AL
(Seal , fH[FH )M ERBRTHESASTE,
FIE LR BREITE AN
" 0.01M,
CAE =3, <904 (D

A CAE—% ¥k B &  kg/hm’
M —— A 1 O A 2, mg
A—— I SR 2 R R AR T B, 0. 017 7 m
W AR UKL
Horbr 0. 01 B 285,099 Jgfifi 48 2 A [l e 4%,
1.3.4 SRR

TE 2 BRI /N & I 05K,
A0 PR R, A PR T B S ) B 0 ~
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n
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Fig.3  Aboveground biomass of different treatments

of summer maize and winter wheat
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Fig.4 Cumulative ammonia emission from soil during

whole growth period of summer maize and winter wheat
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Fig.6 0 ~100 cm soil water content of different winter wheat treatments at different growth stages
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100 cm 1 3 NO, -N 5% B4 & [b (i 5 K 19 34 2 SF2
GBSk 58.33% F1 89. 78% |, #5 T 4% Ab B
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Fe e /N 19 43 51 1 SFL 4b B AT NFL 4L B, 45 5 o8
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at harvest time of summer maize and winter wheat
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K 4y R FH 3% 20.89% ~

/N RO o R AR 62.59% ~

K o3 R AR 1 T7

FEo AT as AL, RIS FF 36 A B S 2 BE RS
IR AT F) SR AR W2 RS T A T BE i H R0 IR %
(SF1 hb#R) 55 Fi4 H B i s 2 Fe

PE R (SF2
Ak B8 ) f4 7K 3 R SR 3 T B P 22 S

T3 223 W R WY R AP A 1 it 46 e 3 S M
FRFNA /N A 2 1 SENE i 4= 7 3 (NPEP) HFEHE 4R
S o TR AR ] i E 2%
T AR AT i HAR P ) NPFP AL AEN B0 F5 AT i
= B 5 5. 79% ~

2 T2 (AEN) 47 5 % b

FH B Ak BEAE B K 046/ 22 2
\25.22% ~41.43% F1 2.25% ~ 14.38% .
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Tab.2 Effects of straw returning and nitrogen application on water and nitrogen utilization in wheat and maize rotation

o e KRR, BEMWE T/ BRERWREE, RICREF AR, FIE R R/ M@
(kg-m ™) (kg-kg™") (kg-kg™') (kg-kg™') (kg-kg™") 8 %

SF1 2.06° 36. 46" 0.51" 10. 07" 0.33" 0. 64"

SF2 2.07° 52.41° 0. 85" 14. 30" 0.57* 0.61°

NF1 1.91¢ 32.53¢ 0.58" 7.12¢ 0.40" 0. 62°

NF2 1.98" 49. 54° 0. 94° 11.42* 0.61° 0.67°

HE K NFO 1.58¢ 0.61*

FEFF I F AL (M) 15.12* 12.63 ™ 4.76 12. 68 ** 2.28 0.31

F it (N) 74.37" 488. 42" 86. 04 ** 43.06 " 39.89 0. 14

M x N 0.99 5.43" 0.08 5.42" 0.23 1.50

SF1 2.48° 32.77° 0.78" 17. 35" 0.53" 0.67"

SF2 2.48" 44.70° 1.20° 24. 14* 0.87" 0.72*

NF1 2.31" 32.05° 0.75" 16. 63" 0.50" 0.70*

NF2 2.26" 39. 08" 1.13* 18.52" 0. 80" 0.77*

RINFE NFO 1.39° 0.76*
T FF IR H AR 2 (M) 13.25* 6.23** 0.07 6.40* 0. 65 1.76

F i (N) 88.87 56.31* 28.92 " 12.03 " 25.45 2.17

M x N 0.18 3.71° 0.02 3.83" 0.078 0.10

VE < [ BECT R AR /N R 2 R ) b B 2% 5 3 (P <0.05) .
s 16 A0 [ 4% #F 14 H
FAteE YR NE L FE B NPFP Rl AEN % it ] # A R
R Ab BEAE P 2R 4 0l B 43.75% ~ 52.29%
42.01% ~60.39% F121.93% ~36.41% 11.37% ~
39. 14% , it A e ME RIE A 2 B K A& /N
FH Rz B ERT AR WILRCR (NUPE) F1AE

4.33% ~30.35%

T B

s 1+ 275 0.01 F10.05 /K5 5 3%

66.67% ,$& &= NER 52.50% ~ 72.73%

ZWEmHREEEALREHEHIRESES
NUPE 50.67% ~ 53.85% ,

64. 15% o 45 Ak B0 FOBCER 15 B e P 2 v 4 0 I 3

g R (NER) , 76 B Tk 2=, W& it H 2 A
AE ot % B R 2 & # & NUPE 62.07% ~

E KN

# % NER 60.00% ~
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