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Abstract: [ Objective] This study aims to explore nitrogen fertilizer utilization strategies for high water use

efficiency under soil moisture-based furrow sowing in dryland wheat areas of the Loess Plateau. [ Methods] Field
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experiments were conducted in Wenxi, Shanxi Province, in the eastern Loess Plateau from 2021 to 2023.
Treatments for main plots included soil moisture-based furrow seeding and conventional row seeding, and for
subplots included monitored fertilization (N-P-K: 77.8-61.3-38.2) , monitored nitrogen reduction (N-P-K: 0-
61.3-38.2) , monitored phosphorus reduction (N-P-K: 77.8-0-38.2) , monitored potassium reduction (N-P-K:
77.8-61.3-0) , and farmer’s fertilization (N-P-K: 180-60-60). [Results] Compared with conventional row
seeding, soil moisture-based furrow seeding significantly increased soil water storage in the 0— 200 cm layer by 4 —
17 mm from jointing to maturity stages, reduced pre-flowering water consumption by 1 — 16 mm, and increased
post-flowering water consumption by 4 —6 mm. It significantly increased population tiller number, and contribution
rate of post-flowering dry matter accumulation to grain yield, and increased spike rate but not significantly. It also
significantly increased the number of fertile spikelets, 1 000-grain weight at 0 — 35 days after flowering, spike
number, grains per spike, and 1 000-grain weight, and significantly increased yield by 3% — 9%. Under the soil
moisture-based furrow seeding treatment, compared with farmer’s fertilization, monitored fertilization (56% less
nitrogen, 2% more phosphorus, and 36% less potassium than farmer’s fertilization) significantly reduced pre-
flowering water consumption in the 0— 200 cm layer by 4— 6 mm and increased post-flowering water consumption
by 2—4 mm for dryland wheat, while increasing the number of effective tillers in the population. However, there
was no significant difference in yield or water use efficiency. Compared with monitored nutrient reduction (nitrogen,
phosphorus, or potassium) , monitored fertilization significantly increased soil water storage in the 0 — 200 cm layer
from overwintering to flowering by 5— 28 mm, reduced pre-flowering soil water consumption by 2 — 16 mm, and
increased post-flowering soil water consumption by 4—10 mm. It significantly increased spike rate, number of fertile
spikelets, and 1 000-grain weight at 0— 35 days alter flowering, and significantly increased yield by 3% —13% and
water use efficiency by 3% —14%. Correlation analysis indicated that post-flowering dry matter accumulation and its
contribution rate to grains, 1 000-grain weight, and yield were significantly positively correlated with pre-flowering
soil moisture and post-flowering water consumption (r=0.68 — 0.84). The number of grains per spike was
significantly correlated with post-flowering dry matter accumulation (r=0.71), and yield was extremely significantly
positively correlated with the contribution rate of post-flowering dry matter accumulation to grains (r=—0.89).
[ Conclusion | Soil moisture-based furrow sowing combined with monitored fertilization (56 % reduction of nitrogen,
2% increase of phosphorus, and 36 % reduction of potassium compared with farmer’s fertilization) helps reduce pre-
flowering water consumption, increase post-flowering water consumption, and promote the formation of effective
tillers and fertile spikelets in dryland wheat fields. Post-flowering dry matter accumulation plays a key role in
promoting grain filling and yield improvement. The results provide a theoretical basis for high yield and high
efficiency of dryland wheat.
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Fig.3 Soil water consumption of 0-200 cm layer at different growth stages under different treatments
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T R R A S R R AR X 2R A+
Y B AR R R B R (R ),
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2 WA A U Il A R bk T B R R
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PR 9 o AR SR (T 35 22 5 s IR R 0 I 4R 0
B W BB S B S AR T TR B S
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R3 FARLEBETHAEBMEERFIETYRRERE

Table 3 Dry matter accumulation of each vegetative organ at flowering stage under different treatments kg/hm*
A A7 Jiti AE Ak 3 ZEFF A A Tl Al + 5952 ELVN
A7 it E 5355.7+28.4a 1263.2417.5a 2148.5+48.6a 8 767.4£59.5a
W iiiE 5 339.6-+34.0ab 1279.1456.7ab 2 054.4437.6b 8673.114.8b
ig‘ WA 4047.14£71.7d 959.3413.8c¢ 1621.4459.2¢ 6 627.941.3d
Wi 5095.2419.9¢ 1239.8427.8ab 2 067.8415.0b 8402.8+7.1c
WRm s 5183.0+66.9hc 1227.9456.0b 2 092.9423.3ab 8 503.8434.2b
s RPMAE  5321.5+2.4a 1343.5413.0a 2 246.2431.6a 8911.342.1a
Wi 5293.946.1ab 1385.2+50.8a 2191.649.4ab 8 870.7466.4b
i;g Wi e 4162.3+7.4d 1002.2449.8¢ 1636.7493.5d 6 801.3436.3d
Whom  5195.2+34.9¢ 1222.0420.7b 2094.2+62.8¢ 8 511.4+48.5¢
WPl 5240.048.3bc 1203.5+20.1b 2122.9+6.5bc 8 566.3434.9b
KPP 5475.847.7a 1365.0+18.8a 2071.7431.6a 8912.5+5.1a
WA 5368.0£16.0b 1373.8423.9a 2135.141.0a 8 876.938.9a
Eg Whom A 4197.1+37.0c 1 106.7464.9¢ 1700.94-50.2b 7004.7451.7¢
Wi 5300.6+£5.1b 1279.3432.5b 2109.7425.5a 8689.61.9b
WP 5379.6+65.5b 1265.0450.0a 2149.2+74.7a 8793.7490.2a
s KPP  5474.9+15.1a 1422.9433.9a 2 201.14-40.6a 9098.9421.8a
WiRiiie  5413.2+6.1b 1330.44-22.4b 2224.6+0.2a 8 968.228.7a
iig WA 4262.3450.0c 1176.2+5.9¢ 1671.7432.3¢c 7110.2223.6d
WP 5310.7+£14.8b 1274.9+5.0b 2141.1+13.7b 8 726.644.0c
Wi 5345.5+24.9b 1329.5470.9b 2187.6+13.9a 8862.6+81.9b
AFAr * * * ok
T 2253 H Jiti A Ak B o . o x
5 A 7 2 < i T Ak 31 i " o ok
ARy X< R 7 2Ot N Ak 2T i * * ok
222 HATHREHRLE THRARREALS  FERERERA R, o E L Ty

KegTARE ARG AR R IC A R X
Jit Ak B E A R AF Ay A b T =X it I Ak B AR X 4E
Je T 0 R R R FL X R RL ) BT Rk R A 2 el B
(R 5) . IR AR, B 1R m AR AR
Ja T W B AR R B S H X FF R B BT R R, 43 0l R
6.1%~7.3% .5.3%~5.6% . K HEH A, W=
JIES 5 A it JES o AV AR A S T 0 o B 2k B R AT KL
(9 TTHR A (EL T B 3 25 S 5 B A A M A e, T
B RMAE S5 T 9 TR 8 a6 R ) BTk L 4 )
iK10.1%~37.0% 0.8 % ~3.0%% ; 55 Wi 5 D B0, ] 384
165 T o AR i KR RL I BTk, 2021—2022 4F
25 W SRNIE SRR, I 4t 8 5 A 7 i A AT R
IAB R AL S5 T4 0 AR 52 4 B X R 19 BTk R, HL G B

JoT AR R NG REARL Y BT RR 3, 43 i3k 18.2 20 ~32.6 0
2.3%~3.5% ; B FE VBT, AT AL S T AR B
K WpHFRL Y TR R, 2021—20224E £ W% . AT,
R PRI VA 45 4% P, BT /N2 AR IS OB W ek
A LW TV A o0 s I [ 2 2 S (E R T
A ISR W S AL S T AR R

23 BEHEERMAEEMARXTEMNEZ=ERK

Bk F AMERN R

2.3.1 ARBF R ARG A I b R
75 2 5 it N8 A B E AR S AR Ay B Aoy 25 it IE b B
AR X T LA R A O BE RO B B
S 7% Al 5 AR Ab BE B Ab 7 55 it IR b B
VX B A 30 i 55 0 T AR S R A 43 BEBOCA 12 3 B
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WEFW (RO, R T WERE, BERS R
Hiu /)N 27 4 1 — B0 AR oy BE B (22.3~25.1 7
BR/hm?) | 42 5 R 0.3%~1.8% ,(H £ F A B %
(4D o SR RIS 145 | W it I e A 2 i A, 4%
o3 BEFN R R TG W 3 25 5 B M U R A R
WE A, T 4 45 2R IR SO A ) BE AR B R R
AR AR I 9.3%~9.4% . 4.0% ~4.3% . 1.8% ~
3.5%0 2 A B 5 IR A R O 2 e

SR FH 2% A, Wi s it AT A5 A i AR R A 43 BE
O SRR TC B 2 IR DA M e
PRV, RTHR v A5 A A SR R 43 BE BIORN BB % A
Ty B 8.6%~8.8%.3.9%~4.3% . 1.1% ~
1.8% o AT ML, SR FH 58 74 46 F) T 52 Hb /s 22 ol il 56 3
T, O Ak T A 45 A, 1 A sRE B, LT A A it e
ol A P it JIE A SR VA A A (H T A A e O
B L WA a0 ™ e AR S5 4, 2 O OB

2021—2022 4 55 W 0 40 25 5 .35

Wi, I G R M P D U 2

R4 TRLEBETHANERETURMRE
Table 4 Dry matter accumulation of each vegetative organ at maturity stage under different treatments kg/hm*
0y FroraC EACAL B ZEAT A A T -+ 252 FfRE Herk
AP 4151.5438.2a 1131.5+13.0b  2137.9+25.1a  4187.8+£13.3a 11 608.6+63.7a
WE¥EHi e 4 095.84+64.3a 1196.14+7.1a 2064.14+22.1ab 4 064.4+1.7a 11 420.5+47.6ab
jiii WA 2900.0+24.9d  733.8+8.6¢ 1345.2434.5d  3362.7423.3b 8341.7+£74.1d
Wi 3 882.34+89.0c 1196.8+7.1a 1920.1+75.7c  4047.7436.2a 11 046.9+30.1c
Wiy 3984.94+22.3b 1132.14+17.6b  1997.3+83.5bc 4 034.9+1.1a 11 149.2+42.4bc
st KPR 4327.3+10.0a 1262.2+97.0ab 2 165.7+3.6a 4203.34+27.6a 11 958.6+83.0a
Wi 4 230.0425.5a 1297.54+30.0a  2171.0+22.7a  4107.5£22.8ab 11 805.9+41.0a
%E WA 2883.1+111.0d  945.7+44.6c 1316.64+23.3c  3462.7+62.1c 8 608.0E72.5¢
Wi s 3 931.0430.0c 1187.0+8.3b 2150.4+56.0a 4 061.27.0b 11 329.6£101.3b
Wi 4010.0425.2b 1215.34+7.6ab  2070.3+34.9b 4 176.6+50.7ab 11 472.3+103.2b
AR PEA 4229.6+84.5a 1248.2+35.0a 2177.7+21.0a 4 134.0+30.5a 11 789.44+59.0a
WAL 4 225.8+16.8a 1246.3+42.7a 2125.2+22.8ab 4 119.0+50.6ab 11 716.24+13.9a
zf; WA 3130.1+13.0b  855.8+5.6b 1432.2+44.9d  3806.5+=21.3d 9224.5+16.2d
Wiy 4150.6457.7a 1130.74+57.2a 2107.3+5.2bc 3 990.0+8.2¢ 11 378.6£13.8¢c
Wiy 4 218.0444.9a 1226.540.3a 2072.7433.2c  4070.0£35.1b 11 587.1+43.3b
e AR 4 464.9444.9a 1259.0+12.2a 2188.5+15.4a  4208.3+10.8a 12120.7+61.7a
WA 4 353.2+50.0a 1247.3+0.8a 2173.0+£56.1a 4 194.3+6.4a 11 967.7£0.4b
jzfﬁ% WA 3210.7+14.8b  921.3+75.8b  1639.3+74.1b 3 818.6+18.3d 9589.9+31.5e
Wiy 4 245.54+24.9a 1209.1+48.1a 2112.3+11.2a  3997.4+20.4c 11 564.3+63.9d
WA 4303.2+164.9a 1245.1+45.0a  2139.94+2.5a 4078.34+30.3b 11 766.4+52.7¢c
AF Ay Kk ns *ok Hok *ok
5 A 2 it S Ak 34 ok *x * o o
< R 3% ¢ N . . N .
Jita NE Ak 3t

2.3.2 ARIRMEAR FE AT 205K A7 205 0 AC Ak 2R
AR BEAAT S R it AT A B AR T 2R
B0 R 28N RO W SR R (R T o R A R
LA, I R /N R R BRI T e R

B, 4y B B 47%~5.9% . 0.7%~10.08% , [% ik
2021—2022 4F AN AT 22 /NREEL 3.1 %0 0 SR AR 1B 45
AV 4 it A e WA 4 0 R S U L T S R R e R
A4 N BB, 4y B R R 20.5%~24.0% . 25.0 %~
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26.9% F9.2%~11.3% .7.1%~17.9% , FEA% A 7 24
AN B W AR DB, BT 43 R AR T A N R
8.0%~8.3%.3.5%~10.0% ; 5 4 Fjiti I JC I 2% 22
5o R FHE A WA it AT A W AR DR, 4 )
PEm K 2N 16.9%~22.1% . 18.5% ~
21.7 %6 ; 55 W 45 VR0l R A U, T 0 ) 4 e ARG T

N R 3.7 % ~7.1% . 12.0%~14.3% 1 2.2% ~
5.6% .6.7%~T7.7% , KR W] 22 /AINEEEL; 5 4k Pt e
T E 2. UL R PRI 1 1 ) T 4 ik T A /N
B I BN AT 2N BRI, [ B TG A M it A B A
it IS T 50 T Ak SR e A A S s e R
VBl X5 R ) T AT NEREIOY B, I R W AR e A

£S5 TRLETENTYREENEETURRERENIFRAOTEHE

Table 5 Pre-flowering translocation and post-flowering accumulation of dry matter and their contribution rates to grain

under different treatments

AE0 gy =X HEALAb B —— Xzﬁﬁt%ﬁ@% - mﬁ%%ﬁﬂ’qg '
iz ki /(kghm %) DBk R /% PR/ (kg hm *) TUBkR /%
4% it A 1346.5489.7b 32.24:2.3b 2 841.34100.6ab 67.94-2.3a
i P i 1317.0452.4c 32.441.5¢ 2 747.4451.0a 67.641.5a
Zi WA 1648.9+40.4a 49.0+1.2a 1713.8+59.5¢ 51.0+1.2¢
97 el 1403.6410.8b 34.740b 2644.1418.8b 65.34-0b
20712092 WS P ol 1389.447.7b 34.470.2b 2 645.546.7b 65.6-0.2b
R Pt AR 1156.1455.9¢ 27.541.2a 3047.3433.4ab 72.541.2a
W it 1172.3+39.3c 28.540.9b 2935.2420.7a 71.5+0.9a
Z(g A ol 2R 1655.9438.1a 47.8+1.3a 1 806.7488.8c 52.241.3¢
P ol 1 243.0437.3b¢ 30.6420.9¢ 2818.24-43.1b 69.4-0.9b
W 47 T A 1270.7414.4b 30.44-0.6¢ 2 906.0455.8b 69.62-0.6b
A% it A 1257.1419.1c 30.44-0.8c 2 876.9444.0a 69.640.7a
i P i 1279.741.7be 31.10.6¢ 2 839.474-43.1ab 68.94-0.5a
Z; WA 1586.7+11.6a 41.740.5a 2219.8429.0d 58.34+0.4c
97 ol 1301.04-3.0b 32.64-0.2b 2689.0£9.7¢ 67.440.1b
20992023 s i 41 1276.6£9.7bc 31.470.5¢ 2793.44-38.3b 68.64-0.4a
AR Pt AR 1186.5477.0b 28.24:2.2b 3021.8468.2a 71.841.8a
A it 1194.8+17.9b 28.540.6b 2999.5+23.1ab 71.5+0.5a
Z(g A ol 2R 1338.9430.0a 35.1+1.1a 2479.7+45.0d 64.940.9¢
AP ol 1159.7465.5b 29.04-1.8b 2 837.7448.9¢ 71.0£1.5b
W 47 O 1174.44-48.6b 28.84-1.2b 2903.823.8bc 71.241.0a
A A * * #k *
J7 2453 B it AT Ak ** ok ok ok
6 Fh 7 = < i I 4k B ok ok ** Hk
SRy XA 2 < A Ak 2 * * ok "

233 TEEHALL BHEWRERE KR, 5
PR EAENE 5~35d TR HE (5.6 % ~6.3% ) (E 5. K
FH AR 3 V8 1% W 4 i N e A P it AR, T R AIR AE IS 5~
35d Thi L, {H TG i 3 22 5 5 e W s ol 2 L W il
We s, S A IS 5~35d T ORI, 4 B4
12.6%~14.5% .3.2%~4.2% .2.2%~4.8% . R
TR, W i AT 5 Ak P it AE , BRI AE S5 5~35 d kL
L (H TG 3 25 5 5 B W AR ok R L M e L O
BRI AR IS 5~35d TR E , Ay i 4R s 12.1%~
12.3% .2.4%~3.4% .2.3%~3.5% , 5 W #E KA % 7

L AT UL SR RV % R 5 M N 2 A SRR
TR TC A W e T8 s A P e T B IS AT R AR S AR
T RE A W U R L W U L DR T T R
M or T 8, I H 2 W s el

234 FEAAIMRBEE M7 HEAE A B B
by 2 5 A A B B A X 7 e R HOR T R
ol A 3 B S A AR A 5 AR 0 B AR O X Rt E A B
AR XS REORLEL TR T A R O
M (R 8) o PRI INHE I H L AARE T 42 = Fl 4k 1.3 %0~
3.0% EKI K 0.7%~9.3% . TR H 0.5%~2.5% .7~
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H2.7%~9.2%,2021—2022 4E B K BRI B 5 R W
L, THRE 78 2RI AR 2 R B, U 2021—
20224F o SR IR TSI 3% , W #e NE A8 M L, W 3
REmEN R TREE, kKRB ERE &
11.7 % ~12.8 %0 s B M 45 Wi Wl , 100 35 44 v R0 RREORE B
AW R 3.8 % ~4.7 Y B W A,
P ORI KL TR E, BB 2021 —2022 4 £ R B
AR ST/ 2.5%~4.1%, 5 2021—2022 4F £ 7 i
FiRARPAL R EES . RAE AR, W
P il A A M 0 AR, T R R AR A BRI TR

FLR AR ERE R 11.2%~12.3% ; 5 W e
PR A BRI, A R AR 1T~
4.7 % 5 %5 W s U B, AT I B R BB AR TR R
2022—20234F M E R B E RA&R G E 120~
2.890 5 B A J bt B 7= TG R 25 S . AT L R FHAR B
I 4% 2021—2022 4F 38 o I8 1k 77 i = & L 2022—
2023 4% 3 328 A Ak b T B i e i [ B G 4 it AR
ol A Pt B 0 — 2 Ak = IR R S B Ra e 4 e (B A
W3 i 2™ S ) 7 e = DR R A W e e
BORFERL FIOT B M 425 U0 B 52 ) AR Z50FD T B

x6 FEETHESEY
Table 6 Population tiller number under different treatments Jitk/hm*
A RO e AL pi] &M LR TFAE A
RPEAL  656.3+6.7a 968.3+5.5b 1149.0420.8a 555.8+10.4ab  458.5+1.6a
WG 666.0£17.1a 1067.3+12.9a 1128.84+11.6ab 569.3£6.7a 449.543.7ab
A 41
. T 745 8 A 00.31=8.0a 0.0 11.0bc o 11, sr2zl.d4a .8 0.
i%‘ WA 650.348.0 955.5411.0bc  1109.3+11.6b  546.8+21.4ab  397.846.3d
R
Wi 648.8+3.1a 912.8427.6¢ 1124.5426.5ab  504.8+4.3c 429.04+7.3¢c
2021—2022 Wi 651.8+5.5a 957.0£9.8bc 1135.3+7.1ab 543.0+£6.1b 442.042.4b
PR 684.0+1.2b 1011.846.7b 1146.8+3.1a 570.8+4.3ab 468.8+3.5a
W 711.8+4.3a 1114.5+14.7a 1141.3+5.1a 577.5+13.5a 462.54+2.0a
%E WA 684.0+6.1b 984.0£19.6¢ 1112.3+4.3b 547.5£4.9bc 412.3+1.4d
Wi 675.849.2b 978.0£4.9¢ 1141.3+11.2a 537.0£23.3c 443.3+2.7¢
Wi 685.5+7.3b 1001.344.3bc 1157.8+6.3a 560.3+£6.7abc ~ 453.5+5.3b
PR 653.3+5.5b 973.5£11.0b 1148.84+21.0ab  560.3+25.1a 481.3+1.4a
W 681.8+3.1a 1083.04+11.0a 1143.84+5.5ab 567.0+13.5a 474.3+0.6ab
A gl
iig WSS Al 644.3+4.3bc 960.8+12.9b 1136.0+12.2b 554.3+16.5a 428.5+1.2d
R
Wi 638.3£5.5¢ 930.0+7.3c 1167.8410.8a 502.5+15.9b 459.0+7.3c
20992023 WSS 647.3+£0.6bc 957.04+3.7b 1154.54+0.4ab 558.0+35.5a 470.5+4.1b
RPHEE 697.540b 1009.5436.7b 1165.54+45.3a 571.5+1.2a 488.3+5.5a
SR 721.5+9.8a 1119.84+4.3a 1167.04+31.8a 584.3+11.6a 483.8+4.7ab
fgg WS A 687.8+0.6bc 993.849.2b 1143.04+4.9a 556.54+20.8a 433.34+5.1d
Wi 682.5+6.1c 964.5+34.3b 1161.5+4.1a 525.04+2.4b 463.04+4.9¢
WA 696.8+4.3b 991.5+13.5b 1168.54+3.7a 562.5+14.7a 475.84+4.3b
A4y ns ns o ns ok
5 05 3O it AE b 2 ok Ho * * *
A XA X
ns ns * ns *
it M Ak 2
235 Ky AIRRE PREAREECR AR TS e B PR RO 20 ) S R R M 2 K g A R

KA RN RCR 4.8% (B 6) 0 KRB B A, 1
P it A A A4 R L A D L M B 43 ) b AR
o 5 b /N 22 K 4y R A% 10.1%6~13.9% . 3.4 %~
4.6% .3.67%~3.810; HAR L TC B E % R

SR FHE B %0 W 4 it AT A W L A O

11.8%~14.6% . 4.0%~5.4% . 3.7%~4.2% ; 54/
Jiti A TG f 3 2 o

AT SR FH P 4 ) 5 TG 6 W 4 it T o it
A A T 5 M N 2 A S OK o3 v ORI TS G e A D
AR ISR K A A O W DA
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B4 AEAAETHRER
Fig.4 Spike rate under different treatments
R7 AEAETHFREE MR
Table 7 Spike traits under different treatments
A & Fh oy =X it JIE &b K /em Al 2 NFREL ANAL 2 NFEEL
A it e 9.3+0a 14.04-0a 2.540.5a
W it A 9.340a 14.0+0a 3.0+0a
A
WA W R 7.6+0.5b 11.5+0.5¢ 4.540.5b
S
W 9.0+0a 12.5+0.5b 3.040a
2021—2022 4 W el 9.1+0a 13.04£0b 3.040a
A P it e 10.14£0.1a 15.540.5a 2.540.5¢
W it P 10.14+0.1a 15.040a 3.040be
Z‘g W I 8.2+ 0c 12.0+1c 4.5+0.5a
WP D 9.3+0b 14.0+0b 3.5+0.5b
W 9.4+0.1b 14.040b 3.0+ 0bc
A it JE 10.0+0.1a 16.5+0.5a 2.04+0c
W it P 10.040.1a 16.040a 2.04+0c
A
;f}% W el A 8.64-0.5¢ 13.540.5¢ 4.540.5a
W45 U 9.4+0b 14.0+0b 3.0+0b
20292023 4 W4 9.5+0b 15.0+0a 3.0+0b
A F it e 10.7+0a 16.5+0.5a 2.0+ 0c
AW 4 it A 10.7+0.2a 16.5+0.5a 2.0+ 0c
fﬁz W9 I R 8.94+0.6¢ 13.04=0c 4.540.5a
W 9.60b 14.04=0b 3.0+0b
W A 9.94+0b 15.04=0b 3.04+0b
Ay ns ns ns
i =N * ns ns
LRl it JIE Ak o ok ok
& o 2O i AR Ak B * ns ns
ARy X Ay 2 O< it A Ab BE ns ns ns

24 XML

b /N AT R K R P AL — A R
K 5 A6 I T W S5 R 2R AR A BT R R A IR
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