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Effect of deep tillage and mulching on wheat nitrogen uptake
and translocation during fallow period in dryland
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Abstract; Due to the imbalance of precipitation during fallow period and high demanding of water during
wheat growth period in dryland, we investigated the effect of soil water storage and the relationship between water
and nitrogen uptake and translocation in wheat crop for two consecutive years (2009-2011) at Wenxi Dryland
Wheat Experimental Station of Shanxi. The study was conducted in the way that deep tillage and different mulching
were carried oul al various limes during the fallow period. The results showed that after deep tillage in [allow period
(45 days or 15 days after wheat harvest) , permeable plastic mulching ( WPM) and liquid mulching (LF) im-
proved the soil water storage in 0~300 c¢m soil layer before seeding compared to the no mulching (NF) treatment
and promoted the accumulated N in various growing stages of wheat in dryland, especially in the earlier stages and

deep tillage after 45 days of wheat harvest. After deep tillage in fallow period, WPM and LF improved N accumula-
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tion in every organ at all stages, and 45 day deep tillage was more significant than other one. Under WPM, the a-
mounts of accumulated N in leaf and stem at flowering stage was improved esp. in glume and cob. The 45 day deep
tillage significantly improved the N contribution rate of each organ to grain in the flowering period, especially that of
leaf and stem. Therefore, the accumulation of N in seed, N accumulation, and grain yield in mature stage were sig-
nificantly improved. Additionally, the permeable film mulching was better than liquid mulching with increases of
17% N accumulation in grain and 13% grain yield. The correlation analysis showed that the soil moisture of 3 me-
ters before seeding closely related to N translocation before flowering in years of less precipitation in dryland with all
treatments. However, in the years of more precipitation, it was not only closely related to the translocation of N be-
fore flowering, but also close relationship with the N accumulation after flowering, esp. after flowering. When there
was more precipitation, the stored water with deep tillage and mulching during fallow period extended to the later
stage of fertility. In short, under this experiment condition, 45 day deep tillage and liquid mulching in fallow period
were conducive to the fallow period precipitation of dryland wheat and enhanced soil moisture storage of every soil
layer above 3 m before seeding. As a result, it was beneficial to N uptake and accumulation of wheat at every growth
stage, especially in the earlier stages that improved the N translocation before flowering from other organs to grain,
particularly from leaves and stem to grain. Thus, it benefited grain N accumulation and grain yield improvement.

Keywords: dry-land wheat; fallow period; deep tillage; mulching; nitrogen; uptake; translocation
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Table 1  Precipitation at the experimental site in Wenxi
AEy NG FoRh ~ M A ~ R W ~TFAE FFAE ~ A Ml
Year Fallow period Sowing ~ prewintering  Prewintering ~ elongation ~ Elongation ~ anthesis  Anthesis ~ mature Total

2005-2009 F-1

2005-2009 Mean 241.20+34.07 42.5x15.05
2009-2010 173.10 64.50
2010-2011 401.50 27.10

41.23+8.43 34.10+10.8 64.08+£20.75  423.11+17.82
12.60 33.90 50.90 335.00
19.10 22.20 64.80 534.70

G R IR T NP9 B E A KA. 7 A B9 ATA &M~ 4 10 H BAE 11 AT AL A ~ 31112 A FRIE3 AT

AR ~TT 464 A BRI ZE 4 TR ITE~ a5 H ERZE 6 AFA

Note : data source: Meteorological Observation of Wenxi County, Shanxi Province, China. Fallow period: from the early July to the late Sep.; sowing

~prewintering: from the early Oct. to the late Nov.; prewintering~ elongation; from the early Dec. 1o the late Mar. in the following year; elongation ~an-

thesis: from the early Apr. to the late Apr.; anthesis~mature: from the early May to the middle Jun. .

W, BAT TR B 454, BB IB K B, SRR 20.008
mm , 2% (] 38 b 155 ) o b 1r 42 R A 5, SE A
W AHE, 465 150 kg - hm™, P, 0, 150 kg - hm™,
K,0 150 kg - hm™,9 H 29 H&Fp AR 225%10*
R - hm™ 47HE 20 em, ML 545 .
1.2 WEmMBEF*
1.2.1 X3gpERFegme  F/ANERERTH L0
~300 em (B 20 em K—L2) LFE, R UL E I
B HHEE K,
1.22 HHRTHRER2RFEGMNT  THAAH,
P R A U o O NAE R
SYRERE 20 BR KT AR BE 53 o it i ZERT R+
A 3 53, BUASIRE AR 23 i e ZE A #E +
il KPR 4 843, F 105°C & 30 min, 70°C HL Z H
O T E s, BT 5B, H H,S0, -
H,0,—HE i i He g e /Y,
1.3 BESHHE

THEE KRR A

W.=h, Xp, X, X 10

A2, WOy R EKE (mm) sh N REE (em) 5p
HIIEREE (g em™) ;0 HHIESKE (%) ;i L
2,10 AR

TR = E R E AR RE - K
AHERBERAB RS

FERTIE 5% 2 o1 Bk = AR T Al is 7% b/ kR AU
ZEX100%

165 AR R = A R A R B — I
TR E Bt

e R ATl = 105 JA B 2 2/ F R /A
Hx100%

A5 B FH Microsoft Excel 4b ¥, 2k F DPS,
SAS 9.0 BAFHAT 40T TR S 551,

2 ER55HT
2.1 RIREBRBIBEITHER 0~300 cm TETIEE

IKE R R

B2 VR RGN, /N 3 m )2 R
KRR - AR R #, 2009—2010 4 100
~180 em T JZ /A, 2010—2011 4F 120 ~200 em +
JEHEAR, PR I AT AR PR R TR 4 o 17301
401.5 mm,2010 4F%¢ 2009 4F 5 228.4 mm, 1] I, T
TETREHERZ N E 1), ZUWE 45 d 815 d
BN G 5 3R R 0~ 300 em HIEEKE B K
MR S5 5 260,300 em A HA %+ 2 5 A 5 2
FRFE WSS 80~180 cm & L E S5 AE %
Z5 3, HB KBS TS AR, vl UL, R R
HAVRBH G R FH I /K i I 7 25 A R 1 B 496 TG
2.2 PRINHIREIE =X E R | = WU R R0

SR B AR R R R ~ T
e M ~ R E T e~ RAR (R 2) , &
WUF 45 d #5015 d REHS 78 55 0T 4 R N A2 A A
BAIBAR R R, BB E ~ 3500 310 ~ ek
G RE, LWUG45 d 815 d IRBIG E 5 B
BRI RE R, DB/ R E S TS
W, FWUE 15 d RBEE S, ST BARER
S DIB K M R B g, i — R T A
w5 meAl, H 578 K Hb B b B[R] 22 5 W 2 S
45 d RBHE T, S EE M B AR E R LB K
b vy, VRS M S S v AN S AR, PT UL
J5i 45 d B R H B K U 35 A T RN E
S B B BUAR R I, i R S A R R,
23 HRAHRBEEXNEKRZEHNEN
231 FRARBHKEEETRFRRZTALIHE
TakFE EWE 45 A 15 dIRBREETRE B
K RN 36 2544 T AT B 2T R E R



55 13 A 6 R R PRI R) B SO SR XN R R M B 5 ) 105
35T
2009—2010
g 30
o
g
S
225
2
<
z
)
Z20r
o
=ost
10 . L L . L . A . . . . . . L |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
I )7 ¥R £ Soil depth/cm
501
- 45 2010—2011
F)
S40f
<
z35r
%
i
230f
Zosth
20 A . L L . A L . L L . . . . |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
b J2 & FE Soil depth/cm
—e—15dWPM —-m—-15dLF —a— 15dNF
-~ 45dWPM  ---@---45dLF  —-A—- 45dNF
B 1 RSB E L EERENIIN
Fig.1 Effect of different mulching in the fallow period on soil water storage before sowing
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Table 2 Effect of deep tillage and mulching in fallow period on N accumulation in plant at different growth stages
Ab R[] g )y HH ~ 4k P ~TFAE TFAE ~ i SER SR G
Treatment time  Mulching Emergence stage ~ Jointing stage Jointing stage ~ Anthesis stage ~ Anthesis stage ~ Mature stage Total N accumulation
ZUWe 15 d WPM 45.86b 88.30a 29.22a 163.38b
15 days after LF 39.36d 78.63b 28.64ab 146.63e
harvest NF 31.59% 81.83b 28.09ab 141.51f
W 45 d WPM 49.36a 93.57a 33.74a 176.67a
45 days after LF 41.83¢ 85.13b 31.90ab 158.86¢
harvest NF 39.56d 82.43h 31.41ab 153.4d

T WPM—B K Hb 7 o6 ; LE - A MBS o5 s NF-ANE o . AN B [F]-F17E P<0.05 K FPESFRE, T,

Note: WPM—permeable plastic mulching; LF-liquid mulching; NF—no mulching. Different letters in each column indicate significant difference be-

tween treatments ( £<0.05). The same below.
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Table 3  Effect of deep tillage and mulching in the fallow period on N accumulation and
contribution to grain {rom various organs al anthesis

RAEMEE N accumulation amount/ (kg + hm™?)

k% N Contribution/%

AbBERFIE] B TT

Treatment time ~ Mulching ARG ZEFF Stem %%*—j@ﬁh S+ S Z2FF Stem %%ﬁ»p@iﬂ]

Leaf+sheath Glume+spike Leaf+sheath Glume+spike
ZWE 15 d WPM 35.66a 78.58a 19.92¢ 22.40a 48.26a 8.66¢
15 days after LF 33.49b 74.04b 10.47d 24.17a 49.17a 2.96d
harvest NF 26.70d 66.86¢ 19.85¢ 20.10b 42.61b 10.51b
ZWE 45 d WPM 36.10a 79.87a 26.96a 20.78a 44.69a 12.72a
45 days after LK 32.09b 74.01b 20.86¢ 20.20a 44.36a 12.98a
harvest NF 28.64¢ 67.88c 25.48h 18.86h 43.16b 13.75a

F4 KRRPRPBE=XNFANREREENEZ T ERHN(2010—2011)

Table 4 Effect of deep tillage and mulching in fallow period on grain N accumulation and N contribution

- AR R R i EHAR s arimE HRAR HEHRATmE
AL ] #ahral Yield Grain N LTy Contribution of RAE Contribution of
Treatment time Mulching (kg - h _2) accumulation NTBA NTBA to N in NAAA NAAA to N in
g om /(kg-hm2)  /(kg - hm2) grains/% /(kg - hm™) grains/%
WPM 5455a 141.26b 112.04b 79.32a 29.22¢ 20.68¢
FZWUE 15 d
LF 4847he 120.79d 92.14d 76.29h 28.64d 23.71b
15 days after harvest
NF 4652¢ 104.95¢ 76.86e 73.23¢ 28.09d 26.77a
WPM 5533a 154.62a 120.89a 78.18a 33.73a 21.82¢
ZWJE 45 d
LF 5194b 142.1b 110.19b 77.55ab 31.90b 22.45b¢
45 days after harvest
. NF 4961b 129.59¢ 98.18¢ 75.77b 31.40b 24.23ab

¥ : NTBA—translocation amount of accumulated N prior to anthesis from vegelalive organs lo grains after anthesis; NAAA—nilrogen accumulation a-

mount after anthesis. F[A], The same below.
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Table 5 The correlation between soil water storage and NTBA, NAAA, grain nitrogen accumulation, and grain yield
2009—2010 2010—2011
S .
SRS e wHRE  wREE AR wwmE kREE AR
. NG, g Al Sy PRI F= N g R PR =
Soil depth Bk REE Grain N Grain vield infkht PUREE Grain N Grain yield
NTBA NAAA raimn ) rain yie. NTBA NAAA raimn ) rain yie
accumulation accumulation
0~60 0.974* * 0.694 0.967 " * 0.972** 0.616 0.892* " 0.988" " 0.910" "
80~ 120 0.979* " 0.662 0.969 " * 0.923" " 0.938" " 0.867" 0.955" " 0.864 "
140~ 180 0.943 " * 0.543 0.925" " 0.895" " 0.886" " 0.942" " 0.933" * 0.806 "
200~300 0.970" * 0.646 0.959" " 0.910" " 0.808 " 0.861" 0.948" * 0.857*

T # FTIRTE 0.05 KV BB EAIE, « « FIRTE 0.01 KF- L BEHL,

Note: * show significant corrleation at 0.05 level, #* * show significant correlation at 0.01 level.
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