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Effects of alginate and fulvic acid modified gypsum on
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Abstract: In order to reveal the effects of alginate and fulvic acid modified gypsum ( AFG) on maize ( Zea
mays L.) root morphological traits and plant growth as well as assess the application potential of AFG in maize pro-
duction, a field experiment was conducted during the maize growing season in 2022. The experiment included six
treatments, with AFG application rate as 0 (T0), 20 (T20), 40 (T40), 60 (T60), 80 kg + hm™>(T80), and
100 kg -+ hm™>(T100) , respectively. The effects of AFG application on maize root morphological traits and yield
were analyzed. The results showed that compared with the TO treatment, AFG application significantly increased soil

available sulfur concentration and regulated maize root morphological traits. For example, root total length, root sur-
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face area, root average diameter, number of root tips, root volume, and root dry weight were 7.6% ~ 18.2%,
14.0% ~31.2%, 5.1%~11.0%, 11.6% ~17.9%, 20.9% ~45.7% and 7.8% ~ 18.7% greater in the AFG-applied
treatments than in the TO treatment. Among the five AFG-applied treatments, the best root morphological traits were
observed in the T40 treatment while further increase of AFG application rate tended to reduce the regulation effects.
Grain yield was 2.6% ~ 8.9% greater in the AFG-applied treatments than in the TO treatment, with the greatest
grain yield observed in the T40 treatment. Grain yield was significantly correlated with number of root tips, root sur-
face area, root volume, root total length, root-shoot ratio, root dry weight, and root average diameter. Root dry
weight, root-shoot ratio, root total length, and number of root tips were the top four root traits that greatly affect

grain yield. Overall, under reasonable application rates, AFG improved maize root morphological traits and enhance

maize productivity.

Keywords: corn; biostimulant; synergist; sulfur; root growth; yield
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Fig.2 Maize roots in different alginate and fulvic acid modified gypsum ( AFG) treatments at silking stage
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Table 1  Effects of alginate and fulvic acid modified gypsum on maize root morphological traits at silking stage
pg:t AR/ em MR em? HF-2 A2/ mm A% AR em?
Treatment Total root length Root surface area Mean root diameter Number of root tips Root volume
TO 947.4+42.8b 753.4+20.8¢ 2.534+0.046¢ 619.7+9.9b 47.71+0.48¢
T20 1032.9+61.0ab 879.7+40.4b 2.714+0.058ab 699.8+2.2a 59.66+2.41b
T40 1119.4+57.2a 988.4+45.3a 2.813+0.026a 730.6+15.4a 69.50+2.90a
T60 1041.0+48.6ab 883.1+27.7b 2.704+0.074ab 720.6+15.6a 59.68+2.16b
T80 1079.3+60.6ab 901.5+34.5ab 2.662+0.064bc 717.0+21.4a 59.97+1.77b
T100 1019.0+64.6ab 859.2+45.8b 2.687+0.028ab 691.8+20.2a 57.69+2.50b
AbH W Fis/g AR/ (em - g71) WHERIA/ (cm? - g71) RALUFEERE/ (g - em™)
Treatment Root dry weight Specific root length Root specific surface area Root tissue mass density
TO 15.29+0.31c 61.9+1.6a 49.3+0.5¢ 0.320+0.003a
T20 16.48+0.18b 62.7+£3.3a 53.4+2.0ab 0.277+0.008cd
T40 18.15+0.33a 61.7+2.4a 54.5£2.0a 0.261+0.009d
T60 17.72+£0.54a 58.7+1.2a 49.8+1.3bc 0.297+0.015abc
T8O 17.72+£0.59a 60.9+1.5a 50.9+0.4abc 0.295+0.008bc
T100 17.47£0.47ab 58.3+2.2a 49.2+1.3¢ 0.3030.005ab

I : R A R PR P BB 0 BA B 2257 (P<0.05) . R,

Note; In the same column, means with different letters are significantly different ( P<0.05). The same below.
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Table 2  Effects of alginate and fulvic acid modified gypsum on maize dry weight and root-shoot ratio at maturity

QbR /(g plant™) ZEH4/ (g - plant™) /(g - plant™) MERE/ (g - plant™)  PARRFFRIEE/ (g - plant™")
Treatment Root Stem-sheath Leaf Tassel Grain yield
TO 17.83+0.60a 88.41+2.23¢ 36.25+0.11d 2.61+0.09b 162.55+2.94h
T20 17.94+0.04a 95.87+2.97h 39.11x0.74be 3.02+0.09a 166.81+1.67ab
T40 18.66+0.20a 107.37+3.90a 41.58+0.46a 2.84+0.08a 177.07+3.29a
T60 18.68+0.18a 100.38+1.24b 41.47+0.34a 2.96+0.08a 177.02+3.64a
T80 18.21+0.66a 98.57+0.35b 40.65+0.90ab 2.89+0.09a 174.21£6.51a
T100 17.96+0.25a 95.84+2.55h 37.44+0.87cd 2.85+0.07a 169.96+3.75ab
Qb T/ (g - plant™") M/ (g - plant™) i BB/ (g« plant™)  BfRAEYR/ (g - plant™) M L
Treatment Cob Bract Shoot Plant biomass Root-shoot ratio
TO 28.80+0.81a 21.72+0.96be 340.35+3.73b 358.18+3.14b 0.0524+0.0023a
T20 24.02+0.66h 22.31+0.32b 351.13+4.59h 369.07+4.61b 0.0511+0.0006a
T40 23.04+0.30b 18.49+0.33d 370.39+1.44a 389.05+1.64a 0.0504+0.0003a
T60 24.01+0.67b 22.24+0.96h 368.07+4.44a 386.74+4.53a 0.0507+0.0006a
T80 27.67+1.06a 24.19+0.81a 368.18+8.88a 386.40+9.50a 0.0495+0.0007a

T100 20.08+0.28¢ 19.93+0.17cd 346.10+6.72b 364.06+6.68b 0.0519+0.0014a
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Fig.3 Correlations between root morphological

traits and maize growth parameters
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Fig.4 Linear relationship between root morphological traits and maize grain yield
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Fig.5 Effects of different root morphological traits

on maize grain yield and plant biomass
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