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Effects of fertilizer application rates and basal-to-topdressing ratios
on dry matter accumulation and yield of sorghum under
supplementary irrigation in northern Shaanxi
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Xi’ an, Shaanxi 710000, China; 3. Yulin Agricultural Technology Service Center, Yulin, Shaanxi 719000, China)

Abstract; To address the challenges of insufficient irrigation water and low fertilizer utilization in sorghum pro-
duction in northern Shaanxi, this study analyzed the effects of different fertilizer application rates and basal-to-top-
dressing ratios on sorghum dry matter accumulation and yield under supplementary irrigation. In 2023, a field ex-
periment with two factors of fertilizer application rates and basal-to-topdressing ratios in Yulin, Shaanxi was conduc-
ted. The study adopted three fertilizer application rates ( standard fertilizer application rate, Z100; 80% standard
fertilizer application rate, Z80; 60% standard fertilizer application rate, Z60) combining with three basal-to-top-
dressing ratios ( base fertilizer : jointing fertilizer : flowering fertilizer=8 : 1 : 1, F82; base fertilizer : jointing fer-

tilizer : flowering fertilizer =6 : 2 : 2, F64; base fertilizer : jointing fertilizer : flowering fertilizer=4 : 3 : 3,
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F46). The fertilizer application rate and basal-to-topdressing ratio had a significant effect on dry matter accumula-
tion, water use efficiency and yield of sorghum (P<0.05). The Z80F46 treatment had a significant advantage in dry
matter accumulation. At maturity, the dry matter accumulation of the Z80F46 treatment was 23.47% and 11.01%
higher than that of the Z80F82 and Z80F64 treatments, respectively. Logistic equation fitting found that the maxi-
mum dry matter accumulation rate of the Z80F46 treatment was 22.81% and 7.67% higher than that of the Z80F82
and Z80F64 treatments, respectively; the time to reach the maximum accumulation rate was extended by 8.08 days
and 3.24 days, respectively; and the average accumulation rate was increased by 17.46% and 43.69% , respective-
ly. At the same time, the Z80F46 treatment promoted the accumulation of dry matter in the grains and the transport
and assimilation of dry matter before and after flowering. Under the same basal-to-topdressing ratio conditions, the
proportion of dry matter allocated to grains at maturity in the Z80F46 treatment was 29.75% and 57.12% higher
than that in the Z100F46 and Z60F46 treatments, respectively. Under the same fertilization amount, compared with
the Z80F82 and Z80F64 treatments, the 280F46 treatment demonstrated an 81.82% and 10.90% enhancement in
pre-anthesis dry matter transport rate of vegetative organs, along with 101.71% and 93.34% increments in post-an-
thesis dry matter assimilation, respectively. In addition, compared with the same basal-to-topdressing ratio
treatment under Z100 and Z60 fertilization rates, the grain yield under Z80 fertilization rate increased by 28.25% to
54.35% and 42.49% to 81.50%, respectively. Under the same fertilization rate, compared with Z80F82 and
Z80F64 treatments, the water use efficiency of Z80F46 treatment increased by 25.35% and 9.25% , respectively. In
conclusion, the recommended drip irrigation and fertilization strategy for sorghum cultivation in the northern Shaanxi
region involves reducing the standard fertilization rate by 20% and adjusting the ratio of base fertilizer, jointing fer-
tilizer, and flowering fertilizer to 4 : 3 : 3.

Keywords: sorghum; fertilizer application rate; basal-to-topdressing ratio; dry matter accumulation; yield;

supplementary irrigation
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Fig.2  Dry matter accumulation dynamics in sorghum at different growth stages
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Table 1

Regression equation and characteristic value

of sorghum dry matter accumulation

B v

Regression

T, V,

max ' mean 2

b ax , y
/(g-dy /d /(g-dh)

Treatment .
equation

Z100F82 y=119.99/(1+507.58¢ 1) 310 6030 1.2  0.99
Z100F64 y=11130/(1+142.08¢7%1%) 268 5833 097  0.995
Z100F46 y=125.86/(1+867.72¢™12/) 374 5696 1.07  0.998
780F82 y=12147/(1+45031e*!"") 320 5798 1.03  0.9%
780F64 y=148.45/(1+431.30e01%) 365 6168 126  0.99
Z80F46 y=174.23/(1+347.82°®") 394 6468 148 099
ZO0F82 y=99.15/(1+1006.69¢ ') 298 5750 084 0998
Z60F64 y=111.76/(1+42839¢ 7101y 284 5976 095 099
Z60F46 y=122.02/(1+4961.30e11) 348 6028  1.03 0997

Ve, TR BT, , YR R A 5
ENNIETR S 7/ ViR B of P S

Note: V, .., maximum accumulation rate of dry matter; 7', , the
time when the maximum accumulation rate of dry matter reaches; V...,

average accumulation rate of dry matter.
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of the same reproductive period.
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Fig.3 Accumulation and distribution ratio of dry matter in various parts of sorghum during the filling and maturity stages
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10.17% , 7K 53 | FH 20 3 43 0 35 1 25. 35% Fl
9.25%, VA 25 R 35 /0 it M o O 4 = 4R
TR AL 0138 AT H 1 B 5 4 v R SR TR R i
HERFRL P 8 (T A, 2 10 3R A5 458 1 1 7K A RS
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Table 2 Dry matter transport and assimilation in nutrient organs

of sorghum before and after flowering under different treatments

AEH Pre-anthesis 1EJ5 Post-anthesis

bS]

Treatment ~ DMR DMRE DMRCG DMA DMAC
/(g plant™) /% /% /(g plant™) /%
Z100F82 7.06e 7.8% 21.08e 17.63cd 78.92a
Z100F64 5.46e 6.58¢ 16.64e 22.67b 83.36a
Z100F46  17.29¢ 18.20b 36.98bc 15.32d 63.02cd
7Z80K82  11.53d 12.25¢d 31.46cd 20.11be 68.54bc
780Ke4  21.17b 20.08ab 40.35ab 20.98bc 59.65de
Z80K46  25.22a 22.27a 30.80d 40.56a 69.20b
Z60F82 7.98e 9.49de 42.22ab 9.50e 57.78de
7Z60F64  11.54d 12.92¢ 39.53ab 17.43cd 60.47de
760F46  16.80c 17.21b 4491a 17.01cd 55.09¢
FH F value
Z 597.70"* 5681 " 7453 " 79.84* " 7453 "
F 30332 9145*” 1077 " 3529 1077 "
ZXF 77.14* " 10.70" 1943"* 3627 " 1943~

T RSN FRE SRR AL BN 22 5 .35 (P<0.05) . 7 24%
Breh,Z FoRTEi s F RoR BB I, ns RN TR FH 2T, + Ml + =
IP R AR FE R OKF 2 P<0.05 Hil P<0.01, T,

Note: Different lowercase letters indicate significant differences be-
tween treatments in the same column (P<0.05). In the analysis of vari-
ance, Z represents the feitilizer application rate, F represents the basal-
topdressing ratio. ns means non-significant, * and * * indicate signifi-

cant levels of P<0.05 and P<0.01, respectively. The same below.

x3 ARAEXNTRIFHTERKSFALENZIE
Table 3  Effects of different treatments on sorghum

grain yield and water use efficiency

fb g TAhLE *?*EFE% MRk KAFIHRCE
Treatment 1000-kernel ~ Grain yield ET WUE
weight/g  /(kg - hm™2) /mm /(kg - m™)

7100F82 25.32de 2086.25¢ 254.99d 0.82¢

7100F64 25.56d 2156.18e 257.08cd 0.84de
Z100F46 26.16¢ 2510.79¢ 262.46a 0.96¢
Z80F82 27.16b 2527.19¢ 259.58bc 0.97¢
780F64 27.47b 2922.82b 261.87ab 1.12b
780F46 28.13a 3220.07a 264.06a 1.22a
76082 24.20f 1774.12¢ 252.28f 0.70g
760F64 24.50f 1953.18f 254.71df 0.76f
760F46 25.06e 2259.90d 258.36¢ 0.87d

F{H F value

Z 382.67" " 977.29" * 57.86" " 718.54" "

F 34297 333.02" " 47.00" " 41.62" "

ZxF 0.09 ns 1233 1.36 ns 9.84" "
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