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Effects of Biological Organic Fertilizer and Yellow River Sediment Mixture on
Water Consumption and Growth of Winter Wheat in Saline — Alkali Land
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2. Graduate School, Chinese Academy of Agricultural Sciences, Beijing 100081, China
3. Dryland Farming Institute, Hebei Academy of Agricultural and Forestry Sciences, Hengshui 053000, China)

Abstract; Aiming to analyze the effects of saline — alkali land improvement measures on water
consumption and yield control of wheat under the condition of spring water limitation, and provide
theoretical basis for promoting the increase of winter wheat yield and the improvement of water use
efficiency in saline — alkali wheat areas. The positioning monitoring test was adopted in the three
consecutive wheat growing seasons from 2015 to 2018. Four processing was set, respectively was with
biological organic fertilizer ( FF), mixed with Yellow River sediment (SS) and the biological organic
fertilizer and Yellow River sediment mixed (SF), and CK treatment as control. The results showed that
the annual yield was 3 317.77 ~5 449.52 kg/hm’ for three consecutive years, and SF treatment with
Yellow River sediment and biological organic fertilizer had the highest grain yield. Compared with the
control treatment, SF treatment increased the grain yield by 35% ~51% . The variation amplitude of total
water consumption was 352.85 ~ 394.89 mm, and the total water consumption between different

treatments was the lowest in CK (352. 85 ~386. 17 mm). The water use efficiency of each treatment was

9.01 ~ 13.96 kg/( hm®> - mm). SF (12.02 ~ 13.96 kg/( hm* - mm)) had the highest water use
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efficiency, which was higher than that of CK by 33% ~48% , followed by FF ( organic fertilizer) and SS
(Yellow River sediment) , which were respectively higher than that of control by 9% ~32% and 9% ~
18% . Mixing Yellow River sediment ( SS) or biological organic fertilizer mixing ( FF) treatment can
increase water storage in soil layer 0 ~200 cm before jointing, increase water consumption from jointing to
maturity stage and its proportion in total water consumption, promote the utilization of water storage in soil
and deep soil water of winter wheat, and finally improve biomass and grain yield of winter wheat. The
grain yield of winter wheat was positively correlated with dry matter accumulation and grain number per
panicle. WUE had a conic relation with water consumption and yield of winter wheat. With the increase
of grain yield, WUE was increased rapidly. Under this research conditions, with the increase of water
consumption, trend of WUE was different among different treatments. Taking yield, harvest index and
water use efficiency into consideration, mixing Yellow River sediment and applying biological organic
fertilizer (SF) was the best treatment under the conditions of this study.

Key words: winter wheat; dry matter accumulation; water consumption characteristics; yield; water use
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Tab.1 Soil characteristics of experimental site

TH + 2 E/em
0~20 20 ~ 60 60 ~110 110 ~ 135 135 ~ 170 170 ~200
+ A b i 3 5 RG +- i+ b BRG + e
+ T/ (grem ) 1.40 1.46 1.49 1.52 1.58 1.56
FH (] 45 7K R/ % 34.2 34.4 37.8 35.6 38.3 37.9
EEHKE/ % 9.9 11.6 13.9 12.8 14.2 15.4

®2 20152018 FARPENZERFRKES T

Tab.2 Monthly precipitation for growing seasons of 2015—2018 of winter wheat and long-term average mm
HEpy 10 A 11 A 128 B4ELA 2 A 3 A 4 A 5H 6A1—131 it
2015—2016 25.8 55.5 0.3 2.4 27.7 0 11.9 27.0 11.0 161.6
2016—2017 72.6 22.4 18.2 0 7.8 18.8 5.2 30. 8 14. 4 190.2
2017—2018 80. 4 0 0.2 1.8 0 2.6 43.2 35.7 30.7 194.6
1967—2015 - 28.8 11. 8 4.2 3.3 7.1 9.4 22.3 34.7 18. 1
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Tab.3 Seeding and harvesting dates and irrigation

management in wheat growing seasons

‘ CMEME WM WEME

G0 R R R Wl i %i/am
2015—2016 10 A19H 6 H410H 1 4H3H 75
2016—2017 10 A 14 H 6 H13H 1 4f5H 75
2017—2018 11 A8H 64120 1 3H28H 75
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Effects of different treatment on soil water consumption amount at different soil layers

H L S [VAE 3 Ak 38 6] L A%, A6 7K 722 I g 352. 85 ~
394.89 mm, A [a] 4k B ] B FE K 5 ¥ LA CK i iR
(352.85 ~386. 17 mm) . 4540 PAFE B[] LU AL, B FE
KA DL 2015—2016 4F f5 @&, 4% @ A 386. 17 ~
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394. 89 mm;2017—2018 4F 41§, 75 i 352.85 ~
361. 89 mm, AN [FJAF 3 kb B[R] G FE K I B R /MK
R SF FF SS CK, M HAE/K AR F , ir 1 4b
FRAE K 32 B IR F R KRN 3K, AR b BEE K
SRR K i 7 RRE K B EL B2 DL CK e RO
T 7K T A B S o B FE K Y L i 38 DL SE b B i
/5, CK Kb PR AIG o /K A TR /K B 7 B FE /K 1Y L
B LL CK A 3 fi K, SFAb B 85 /1N 5 + HEWE /K 3 #E
b 2% B A L 24 DL SF AL B B oK, CK Ak B

Ao DA b2 A [R] K AR K R AR T
B bl e AR B4 0 T 1 A 6 K R
SS FF |SF 4b 38 () I 7K 1 #E 1 o 4 H 28 Bl LL 9] 4
I CK Ab B Ay 4255 T 2.18% ~4.40% . 1.38% ~
5.05% 1 2.89% ~5.24% , 3% W] i 5 v o fie e
b FE AT DAV AR IR OKIE A R BRI N E AR F S
LU oee Sy & N (1) NP R SR o i A
KA AR K R L, TS o A R
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Tab.4 Sources of water consumption and their percentage of total water consumption amount under different treatments

FE KR IR SRR/
AR b —— — ° RIW/% RPW/% RSW/ %
WEWEE A/ mm K S FE S /mm K/ mm mm
CK 75 155. 97" 155.2 386. 17" 19. 42° 40.19° 40.39*
FF 75 164.55° 155.2 394, 75% 19. 00° 39.32° 41. 68"
2015—2016
SsS 75 162. 29 155.2 392. 49° 19.11° 39.54° 41.35°
SF 75 164. 69° 155.2 394. 89" 18.99° 39. 30" 41.71°
CK 75 122.61" 184.8 382.41° 19.61° 48.32° 32.06°
FF 75 131.97° 184. 8 390. 47° 19.21° 47.33° 33.47°
2016—2017
SsS 75 130. 69° 184.8 391.76" 19. 14° 47.17° 33. 68"
SF 75 132.29° 184.8 392.09* 19.13° 47.13° 33.74°
CK 75 163. 65° 114.2 352. 85" 21.26° 32.37° 46. 38"
FF 75 170. 40° 114.2 359. 60" 20. 86" 31.76" 47.39°
2017—2018
SS 75 167. 93" 114.2 357.13" 21. 00" 31.98° 47.02°
SF 75 172. 69* 114.2 361. 89* 20.72° 31.56° 47.72°

TE : RS R) /NG 7 B 3R 40 B W) 25 53 %5 (P <0.05) , F I .

A Ta] 4k BHGE A [ AR 7 B BEAZ TH AR K B B K
H 2R B0 HRE K B 1Y 52 TR

Hi 5 (& CA ek, CP N FE KB R AL,
CD iy HAE/K &) 7] LAFE BT A7 Ak BEAYAE K B AR
KA F BB A /N A A T A S B e R E
HRUCN TP ALY KT —IT A R T 41 ) A&

2.1.3

A —1R 5 30) A R =2 Hir ), Ul W & /N B K 2 AR
FEAR T — A B B, FE/K I 7 & /N A 4 1k T AR K
(1) 70% LA o 4% Fh—315 W A9 FE K AL HORE K A
FERBE R ELLL CK de K, HK Oy FF AR B 35 B 2 70
Ak BEAT DU B BE e 2 A, DUAR IR JE 31 A K B
Btk ar 0L o S50 -G IR K L H RE KA

RS FAEALEBEWNEEEMRZEARKERKRRYEMBAEKENFIG

Tab.S5 Effects of different treatments on water consumption amount, water consumption percentage

and diurnal water consumption amount at different growth stages in wheat field

o wm HRAh—2 iy ] ATi—12 7 R PAT—FFAEM FF AL HA

CA/mm CP/% CD/mm CA/mm CP/% CD/mm CA/mm CP/% CD/mm CA/mm CP/% CD/mm CA/mm CP/% CD/mm

CK  14.662* 3.797"  0.341* 21.666" 5.611° 0.217° 66.756" 17.287" 2.384* 120.870" 31.300" 4.029" 162.213" 42.006" 4.384"

FF o O12.716™ 3.221*  0.296™ 16.757" 4.245"  0.168" 61.518" 15.584™ 2.197* 126.524" 32.052% 4.217° 177.231" 44.897* 4.790°

20152016 SS12.584*" 3.206™ 0.293"" 19.053" 4.854™ 0.191" 56.094" 14.292" 2.003° 124.190" 31.642" 4.140" 180.566" 46.006" 4.880"
SF10.926"  2.767°  0.254" 18.023"" 4.564™ 0.180"" 62.164°" 15.742"" 2.220" 127.795" 32.362" 4.260" 175.986" 44.565" 4.756"

CK  16.664" 4.358"  0.347* 20.435" 5.344"  0.204" 63.660" 16.647" 2.274" 118.212" 30.912" 3.940" 163.439" 42.739" 4.417"

FF o 13.612" 3.486" 0.284" 17.880" 4.579® 0.179"" 57.592* 14.749* 2.057* 126.930* 32.507 4.231° 175.760" 45.012a 4.750°

20162017 SS13.125" 3.350"  0.273" 17192 4388, 0.172" 58.022° 14.811" 2.072° 123.820" 31.606" 4.127° 178.336" 45.522" 4.820°
SF o 12.905"  3.291°  0.269" 19.846" 5.062° 0.198" 60.175° 15.347" 2.149% 127.706" 32.570° 4.257% 171.460°° 43.730" 4.634°

CK  7.591"  2.151"  0.253* 21.428" 6.073" 0.214" 59.814" 14.131" 2.136" 117.358" 27.700* 3.912" 146.659" 41.564" 3.964"

FF o 6.551"  1.82% 0.218" 19.246" 5.352*" 0.192* 51.351" 13.141° 1.834" 125.225" 27.317" 4.174" 157.226" 43.723" 4.249°

20172018 SS 6.454%  1.807°  0.215% 17.507" 4.902" 0.175" 49.292" 12,939 1.760° 124.464* 29.363" 4.149" 159.411" 44.637" 4.308"
SF 6.636°  1.834%  0.221° 18.452" 5.099" 0.185" 55.410° 13.664° 1.979° 126.752% 24.661° 4.225" 154.639" 42.731" 4.179°
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J5 AR 22k DA T 399 30 0 S8 S0 8 34 4 I, - 7 IR A0
PRE R R (E . b B L, SF Ak 38 7 FF 46 399 A
W T YRR BRI o, B s, AR

ZEAER RS T R R R B AR
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A T R B SRR R 2 i L CK Ak
PRGN 39% 32% M 35% . BE A A 4 A i [R]
B0, SF AR B OB B8 BB R B S T Y B B R
He i 3 CK AR B 4 48 5 10 o e Ak R d /I OB 4 Bl
/o FICK ARBEAR EE , SF AR H A% WOk 1 ZORT 16
Ja T Y REE AL R 5 5 H CK AR BRI 2 A4S 1 43 45 A
6 A IF Lo AL, & /N R B 32 B
FrA A I A A= W AR R L a8 5 48 e T AR
ARLIEAR (B 3) o i TAMX S AT 6 A5
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Tab.6 Effects of dry matter accumulation, transformation and yield composition of winter wheat treated during 2015—2018

BARC% iR o R B o

AR =/ EN Ly [y MR TR RE/
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Fig.2 Relationship between grain yield and dry matter

accumulation in winter wheat from 2015 to 2018
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Fig.3 Relationship of conversion rate of post-anthesis
source productivity with harvest index of winter wheat

under different treatments during 2015—2018
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Fig.4 Relationship of kernel numbers per area with grain
production under different treatments for winter wheat

during 2015—2018
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Tab.7 Effects of different treatments on water use

efficiency and irrigation water use efficiency of

winter wheat kg/ (hm® +mm)
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161

”;14»

5
g 12t °

\EflO»

S 8r ¥=—-0.000007%°+0.0174x+2.4354

= R*=0.9867

4000 4500 5000 5500 6000
FPRT R (kb )

6 L
3000 3500

Bl 7 2015—2018 4E& /N A4 & ] WUE FIFE/K B DR BERY SC &

Fig.7 Relationship of WUE with seasonal total water consumption and grain yield under different treatments from 2015 to 2018
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WEFE b g 5% 1 (R R BT i e Oy 49 ~ 53 mg/kg)
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H bR, B R e NE T RN ARGER
HE— 25 X L 43 At A 5 o I e AR A PLIE (B
B YR VD B VD AT Ak BE,2015—2018 4F it jiti 4= ¥
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TEE — UK I 4% /N 22 7= o L TR 3R ORI /N 22 8
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AHEG AR ™ B2 ) 35% ~51% ; B A /K 72 Rk
352.85 ~394. 89 mm, A~ [F] kb B 5] A FE K LA CK
A%, LA 3B 85 U6 b SUBC it A= 0 A HILAE Ab B A
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R K5y 0 R A, B 4 w8 4 /N 22 1 AR 0 i
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