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HE STUDY evaluates the beneficial effects of soybean foliar
T spray with humic acid (HA) and ascorbic acid (AA)
antioxidants at 2000 mg L™ HA and 300 and 600 mg L. AA; and
seed irradiation of 15 and 30Gy gamma rays. The split-plot
experiment was conducted on a sandy soil in Ismailia Governorate,
Egypt, during 2010 summer season. Main plots were for foliar spray
treatments of: none, HA, AA1, AA2," HA+AA1"," HA+AA2"; AAl
and AA2, i.e. 300 and 600 mg L Sub-plots were for irradiation of,
none, 15Gy and 30Gy. 100-seed weight, straw and pod yields as well
as protein, N, P, K and oil contents; protein and oil yields and N, P
and K uptake increased by 15Gy than by 30Gy. Main effect of spray
shows a general descending order of "HA+AA2" > "HA+AAL" > HA >
AA2 > AAL Highest straw yield (5.82 Mg hal) was by
HA+AA1+15Gy. Highest seed yield (2.99 Mg ha™) was by
HA+AA2+30Gy. Highest uptake of P (23.2 kg ha™®) and K (206
kg ha™), respectively at straw were achieved owing to the
addition of HA+AA1+15Gy gamma ray while treatment of
HA+AA2 with 15Gy gamma ray gave highest N-uptake (163
kg ha™). Highest N, P and K uptake in seeds (149, 19.1 and 49.0 kg
ha™, respectively) were by (HA+AA2+15Gy gamma ray dose).
The treatment of HA+AA2 with 15Gy gamma ray was superior to the
other treatments.

Keywords: Sandy soil, Soybean, Humic and ascorbic acid, Seed
irradiation with gamma ray

Soybean (Glycine max L.) is an important oil and protein crop; it contains about
30% of cholesterol free oil and about 40% of protein beside vitamins. In Egypt,
soybean oil has been used as edible oil during the past 40 years; and its
extraction ratio of oil is about 20.5% (El-Agroudy et al., 2011). Recently,
attention has been directed to increase productivity of soybean to be used as
protein source (particularly for animal feeds and oil for human food). Total
production of soybeans in Egypt reached 23000 tonnes in the year 2013, produced
from an area of 8000 ha (FAO, 2013). Therefore, it is of great importance to
increase its production.

Gamma irradiation can be useful for alteration of physiological characters
(Kiong et al., 2008). The biological effect of gamma rays leads to useful
changes in seeds (Kovacs and Keresztes, 2002). Pre-sowing seed irradiation is an
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effective method increases seed production and improves seed quality since it
ionizes molecules and causes free radicals to attack DNA breaking one or two of
their molecules (Jyoti et al., 2009). Gamma irradiation in a low dose (10, 20 and
30Gy), increased seed yield of sesame plants (Farag and El-Khawaga, 2013).

The use of humic acid as a fertilizer has increased with increasing agricultural
production and could be applied directly to the soil or as foliar spray to plants. Bio-
organic fertilizers are used to reduce environmental pollution along with reducing the
production cost and to improve crop quality (Asik et al., 2009). The action of humic acid
on plant growth can be divided into direct and indirect effects. It affects plant membranes
increasing the transport of plant nutrients, enhancing protein synthesis, photosynthesis,
microbial activity and solublization of micronutrients, reducing the active levels of toxic
elements (Saruhan et al., 2011). In a study on effects of bio and mineral fertilizers
and humic substances on growth and yield of cowpea Magdi et al. (2011)
reported that, chemical fertilizer with humic substances improve growth and
yield of cowpea. Mahmoud (2006) found that treatment of humic acid increased
straw and seed yields as well as oil and protein content in peanut.

Ascorbic acid in plants functions as an antioxidant and an enzyme cofactor.
It participates in a variety of processes, including photosynthesis, cell wall
growth and cell expansion, resistance to environmental stresses and synthesis of
ethylene, gibberellins, anthocyanine and hydroxyl proline (Galal et al., 2000
and Smirnof & Wheeler 2000).

The objective of the present study was to examine the impact of foliar
applications with ascorbic acid as an antioxidant and humic acid on seed yield,
seed quality and uptake of nutrients in soybean cultivated in a newly reclaimed
sand soil after seed treatment with two doses of gamma irradiation, i.e. 15 and
20 Gy or without irradiation.

Materials and Methods

A field experiment was carried out during the successive summer season of 2010
and at private farm in Ismailia Governorate, Egypt, in order to investigate the effect of
foliar applications with an antioxidant, i.e. ascorbic acid and humic acid on yield,
seed quality and nutrients uptake of soybean (Glycine max L. cv Giza 35). Soil
samples were taken at the depth of 0 — 30cm before planting for physical and chemical
analysis as shown in Table 1 ( Page et al., 1982).
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TABLE 1. Physical and chemical properties of the investigated soil .
Property Value Property Value
Particle size distribution Soluble ions (mmolc L?)
Clay % 3.89 EC (dSm™) in soil paste 0.66
Silt % 2.71 Na* 0.65
Fine sand % 25.3 K* 1.59
Coarse sand % 68.1 Ca™" 2.55
Textural class Sand Mg*™ 1.31
pH [Soil suspension 1:2.5] 7.79 CI 1.32
Organic matter (g kg™ 7.38 HCO; 3.19
CaCO, 4.56 SO,” 1.59
Available macro and micronutrients (mg kg soil)
N P K Fe Mn Zn
27.3 3.18 83.5 2.98 0.88 0.33
“Critical levels of nutrients in soil after Page et al., (1982)
Limits N P K Fe Mn Zn
Low <40.0 <5.0 < 85.0 <4.0 <2.0 <1.0
Medium 40 -80 5-10 85-170 4-6 2-5 1-2
High >80.0 >10.0 > 170 >6.0 >5.0 >2.0

“Extractants of available nutrients: NH;HCO;-DTPA (P, K, Fe, Mn and Zn), KCI (N) .

The experiment was in a randomized complete block design, split-plot involving
two factors:-

Factor 1 " main plots": Foliar spray (F) with the following 6 treatments:-

1-No spray; 2- Humic acid spray (HA); 3- Ascorbic acid sprayl (AAl); 4-
Ascorbic acid spray2 (AA2); 5- " HA+AAL"; 6> HA+AA2". Concentrations of spray
solutions were: 2000 mg K-humate L™ for HA, 300 mg L™ for AAL and 600 mg L™
for AA2.

Factor 2 " sup plots": Seed irradiation with gamma ray (Gy) with the following
treatments:-

A-No irradiation, B- irradiation dose of 15 Grays (15Gy) and C- irradiation with
30 Grays (30Gy). Irradiation source was cobalt 60 gamma chamber 4000-A-India,
Egyptian Atomic Energy Establishment, (EAEE), Inshas, Egypt.

Spraying with HA was done in two occasions: at 30 and 45 days after seeding,
(DAS). Humic acid material (85%) was used as a commercial product supplied by
Biotech for Bio-acids Fertilizer Company, Egypt while ascorbic acid was in a form of
commercial product. Seeds of soybean (Glycine max L. c.v. Giza 35) was sown after
soil preparation. Seeding was carried on June 15", 2010. Spraying with AA was done
in three occasions 10, 20 and 30 DAS. Spraying with combinations of HA+AA was
done separately for each material not in one mixed solution.

The plot area was 5 X 4 m?. Each plot consisted of 12 rows 40 cm apart with two
plant / hill every 20 cm and thinned to a single plant per hill 21 days after seeding.
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Seeds were treated with an effective strain of Bradyrhizobium japonicium just before
seeding. All plots received N, P and K. Nitrogen was added at 120 kg N ha™ as
ammonium sulphate, AS (206 g N kg™) in three equal splits: immediately after
planting as a starter, 40 and 60 DAS. Phosphorus was added at 31 kg P ha™ as
calcium superphosphate (67.6 g P kg™) during seedbed preparation; and potassium
was added at 100 kg K ha™ as potassium sulphate (400 g K kg™) in two equal
splits 30 and 45 DAS.

At maturity, ten plants were taken randomly from each plot and used for yield
assessment. The 100-seed weight was measured. In addition, plants of two rows in
each plot were harvested; air dried, then yields of Pods, straw and seeds were
determined and expressed in megagrams per hectare (Mg ha™); (Mg=10° g). Also,
shelling percentage% was determined = seed yield / pod yield X 100. Seeds were
analyzed for contents of oil, N, P and K. Protein content was determined by
multiplying seed N% by 5.71 (FAQ, 2003). Protein yield (kg ha™) = protein content (g
kg'i) X grain yield, Mg ha™. Qil yield (kg ha™) = oil content (g kg™) X grain yield, Mg
ha™.

Methods of analysis

Plant samples were digested with a mixture of concentrated sulfuric and perchloric
acids for nutrient determinations using the methods described by Chapman & Pratt
(1961). Soil analyses were done by methods described by Black et al. (1965) and
Lindsay & Norvell, (1978). Nutrients in digests were measured using Inductively
Coupled Plasma (ICP) Spectrometer model 400 while, N was determined by kjeldahl.
Qil content was determined using Soxhlet method (AOAC, 1990).

Results and Discussion

Yield and yield components

100-seed weight

Data relating the 100-seed weight and yields of soybean are presented in Table
2. The growth parameter of 100-seed weight significantly increased due to foliar
spraying with HA and/or AA; and also duo to seed gamma irradiation. As for the
foliar spray, the main effect shows that spray with HA and/or AA spray
followed this descending order: "HA+AA2" > "HA+AA1l" = AA2 > AAl >
HA. Regarding the response to gamma irradiation, 15Gy was > 30Gy. Farag and
El-Khawaga (2013) reported that gamma irradiation of sesame and N-application
increased the 1000-seed weight. These results are in agreement with those of
Sary et al. (2009) and Kandil et al. (2011).

The treatment of HA + AAZ2 irradiated with 15Gy gamma irradiation caused
the highest increase in 100-seed weight (33.4%).

Straw, pod and seed yields

The obtained results exhibited significant increases due to the applications
of application foliar spray, irradiation and their combinations compared to the
non-treated plants. Low gamma ray radiation increases enzymatic activation,
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stimulating cell division, and germination as well as vegetative growth (Ashri,
2007). The favorable effect of ascorbic acid may be due to its role as a growth
regulator that influences many physiological processes such as the synthesis of
enzymes, nucleic acids, proteins and acts as co-enzyme (El-Greadly, 2002).
Humic acids contain various bio-chemicals and growth promoting substances
(phytohormones) which have favourable effect on cell wall membranes
cytoplasm, including more photosynthesis and respirations rates in plants,
enhanced protein synthesis and promote seed germination and root elongation
(Chen and Aviad, 1990). Bakry et al. (2013) stated that the humic acid and
ascorbic acid gave the highest straw and grain yield of wheat grown under
newly reclaimed sandy soil.

Main effect shows the following order: "HA+AAL1" > "HA+AA2" > AA2 >
HA > AA1 for straw yield; "HA+AA2" > "HA+AA1" > AA2 = HA > AAL for
seed yield and "HA+AA2" > "HA+AAL" > AA2 = HA > AAL for pod yield. As
for the main effect of irradiation the order was: 15Gy > 30 Gy. For pod yield,
the main effect shows no significant difference.

TABLE 2. Yield components of soybean as affected by gamma irradiation and
foliar applications.

“Foliar application (F)
W R L.l 2|8
em 5 < <
(G) g T g g P> P> Mean | F-test
P I I
0 505 | 631 | 615 | 625 | 632 | 646 |62.4cC
woseed |15 | 679 | 726 | 83 | 716 | 787 | 704 [722a| £ |
o 30| 622 | 711 | 652 | 699 | 704 | 735 6875 pog. | =
Mean | 63.2d [68.9b | 650c[68.0b[69.1b| 72.5a | 67.8
0 292 | 388 | 358 | 404 [ 428 | 413 [380c
Strawyield 15 | 411 | 501 | 449 | 526 | 582 | 560 [505a] [ |
(Mgha”) [ 30 | 404 [ 443 | 424 | 453 | 571 | 510 [468b| i | xx
Mean | 369f [4.44d[4.10e[461c[5.27a 494b | 451
0 114 [ 152 [117 [130 [ 177 | 185 [147c R
Seedyield | 15 176 | 264 | 196 | 256 | 285 | 292 |2.45a (F3 -
(Mg ha”) 30 171 [ 236 | 169 | 242 | 269 | 299 [231b| - [ NS
Mean | 153d [2.17c[160d[212c[244b| 258a | 2.08
0 134 | 237 [ 154 | 175 | 214 | 255 [195b R
Podyield | 15 | 197 | 324 | 256 | 317 | 358 | 387 |s07a] [ | ..
(Mg ha™) 30 195 | 306 | 236 | 290 | 326 | 346 |283a| G- [ NS
Mean | 1.75d [289b | 2.15¢c |261b|299b| 3.29a | 2.61

"HA: humic acid (2000 mg L), AAL: 300 mg L? ascorbic acid, AA2: 600 mg L™
ascorbic acid
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The highest straw and pod yields of 5.82 and 3.87 Mg ha™, respectively
were achieved due to application of HA + AA1 and HA + AA2, respectively
when irradiated with 15Gy gamma ray and the corresponding increments over
the non-treated plants were 99 and 188%, respectively. The highest seed yield
of 2.99 Mg ha™ was observed due to addition of HA + AA2 with 30Gy gamma
ray irradiation giving an increase of 162% over the non-treated.

Pod shelling percentage

Shelling percentage as influenced by foliar applications and gamma
irradiation is illustrated in Fig.1. Plants which received foliar spray with HA
and/or AA solely or in combination showed slight decreases. Ibrahim and
Eleiwa (2008) reported that NPK increased shelling percentage of groundnut.
The obtained results are in full agreement with those obtained by Hossain et al.
(2007). Ali and Mowafy (2003) pointed out that adding K fertilizer increased
shelling percentage of peanut. The spray treatments under 15 Gy can be
arranged in the following order: non-sprayed > HA > AA2 > HA+AAl > AAl
> HA+AAZ2. Under 30 Gy irradiation the order is: non-sprayed > HA+AA2 >
AA2 > HA+AALl > HA > AAL.
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Fig.1. Shelling percentage of soybean as affected by gamma irradiation and foliar spray
with humic and ascorbic acids.

Seed Quality

Seed protein content and seed protein yield

Results presented in Table 3 show that protein content and protein yield of
soybean seeds significantly increased owing to foliar spray and gamma
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irradiation, foliar spraying with HA and AA. The highest increases in protein
content (27%) as well as protein yield (851 kg ha™) were recorded in the plants
treated with HA + AA2 + 15Gy. Rahimi and Abdallah (2011) stated that
gamma irradiation of wheat seeds (25 and 50 Gy) increased protein content of
grains. Gad El-Hak et al. (2012) found that foliar spray with HA and AA to
peas protein content in seeds. The current results are in agreement with those
reported by Morard et al. (2011) who reported positive response to HA spray on
various plants. The main effect of irradiation shows increases and that 15Gy
was superior to 30G. As for foliar spray, the main effect shows increases with a
descending order of: HA + AA2 > HA+AA1 > HA > AA1 >AA2 for protein
content; and: HA + AA2 > HA+AA1 > HA > AA2 >AAL1 for protein yield.

TABLE 3. Protein content of soybean seeds as affected by gamma irradiation and
foliar applications.

* Foliar application (F)
Gamma - - ~
Item dose S < o S g $
(G) g T ! s ¥ % | Mean| Fest
=z I I
0 230 | 224 | 231 | 216 | 229 | 239 | 228b
. . **
Proteir 15 218 | 254 | 235 | 234 | 275 | 292 | 251a| [ |
(@ kg) 30 200 | 238 | 230 | 229 | 243 | 253 | 232b| 5. | <
Mean | 216f | 239c| 232d| 227e| 249b| 261a | 237
0 261 | 341 | 269 | 301 | 405 | 441 | 336¢
Protein yield| 15 382 | 670 | 460 | 508 | 785 | &51 |62da| [ |
(kg ha”) 30 344 | 560 | 388 | 555 | 653 | 756 | 542D gy | %=
Mean 329f | 523c| 372e| 485d| 614b| 683a | 501

See footnote of Table 2

Regarding the seed protein yield, results followed the trend almost the same of
protein content. This could be attributed to the organic acids which are known as a
growth regulator factor that influence many physiological processes such as the
synthesis of enzymes, nucleic acids, proteins and act as co-enzymes. Also, the
integrated effect of humic acid and bio effect of microorganisms on increasing
available nutrients for plant growth and accordingly maximizing the biological
yield and grain quality (Ewees and Abdel Hafeez, 2010). Bakry et al. (2013)
pointed out that foliar application of humic acid and/or ascorbic acid and their
combinations shows significant differences and gave the highest protein % and
protein yield of wheat grown under newly reclaimed sandy soil.

Seed oil content and seed oil yield

As illustrated in Fig. 2 and 3, seed oil content and seed oil yield increased
due to irradiation and foliar spray with HA and/or AA. The increase ranged
from 273 to 381 g kg™. The highest seed oil content and oil yield values of 381
g kgt and 1111 kg ha™, respectively were obtained as by HA + AA2 in

Egypt. J. Soil Sci. 55, No. 3 (2015)



276 AM. HELMY

combination with 15Gr gamma irradiation, with increases of 40% and 258%,
respectively. The oil content from soybean seed determined in this study is
higher than 208 g kg™ reported in soybean grown in Nigeria and lower than 441
g kg reported in soybean grown in Turkey (Cecil et al., 2013). Differences in
such property among different regions are attributed to variations in varieties,
farming environment, ripening stage, harvesting time, and extraction methods.
The oil content of soybean seeds in the present study is higher than contents in
seeds of other oil seed crops such as: cotton (150-240 g kg™), but within the range
of those of mustard seeds (240 - 400 g kg™) and safflower seeds (250 - 400 g kg
1), (Pritchard, 1991). Main effect of foliar spray shows the following order:
HA+ AA2 > HA+AA1 > HA> AA2 > AA1 > non-sprayed for oil content; and
HA+ AA2 > HA+AA1 > HA > non-sprayed > AAL for oil yield.
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Fig. 2. Oil content, g kg” of soybean as affected by gamma irradiation and foliar
applications.
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Fig. 3. Oil yield, kg ha™ of soybean as affected by gamma irradiation and
foliar applications.

N, P and K content and uptake

The results shown in Tables 4, 5 and 6 reveal that N, P and K content and
uptake in soybean straw and seeds increased due to foliar spray and seed
irradiation. Gamma irradiation was reported by Xienia et al. (2000) to induce
oxidative stress with overproduction of reactive oxygen species such as
superoxide radicals (O,), hydroxyl radicals (OH") and hydrogen peroxide
(H,0,), which react rapidly with almost all structural and functional organic
molecules, including proteins, lipids and nucleic acids. According to Rima et al.
(2011) humic substances may enhance uptake of nutrients through stimulation
of soil microbiological activity. In other words, HA application could be a
hormone substance enhancing root development and proliferation. Ascorbic
acid is synthesized in higher plants and enhances their plant growth and
development of D-glucose metabolism which affects nutritional activity and
plays an important role in electron transport systems (El-Kobisy et al., 2005).
Results obtained in the current study are similar to those reported by Habashy
(2005) on peanut and faba bean, Zaky et al. (2006) on faba beans; Abdel Aziz et al.
(2009) on gladiolus; El-Hefny (2010) on cowpea, Morard et al. (2011) and Gad
El-Hak et al. (2012) on peas, Bakry et al. (2013) and Abd El-Hamid et al.
(2013) on wheat and Helmy (2014) on barley.
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Nitrogen content and uptake

The results shown in Table 4 reveal positive response to spray and seed
irradiation. The highest N contents in seed and straw of 51.1 and 29.1 g kg™,
respectively were produced by HA + AA2 with 15Gr gamma irradiation as
compared with 40.3 g kg™ and 21.3 g kg™ in seeds and straw, respectively for
the non-treated. Highest N uptake in seeds and straw of 149 and 163 kg ha™,
respectively were obtained by HA + AA2 with 15Gy causing increases of 225%
and 162%, respectively. Spraying with HA and AA shows the following
pattern: 15Gy > 30Gy for N content and uptake. Main effects indicate seeds and
straw; HA+AA2 > HA+AAl > HA > AAl > AA2 for N content in seeds;
HA+AA2 > HA+AAL > HA > AA2 > AAL for N uptake in seeds; HA+AA2 >
HA+AAl1> HA = AAl = AA2 for N-content in straw; and HA+AA2 >
HA+AAL > AA2 > HA > AAL1 for N uptake in straw.

TABLE 4. N content (g kg?) and N-uptake (kg ha™) of soybean as affected by
gamma irradiation and foliar applications

* Foliar application (F)
Ggmma > 2 2
ose
Item s < b < < < .
(G) g T § } ¥ P> Mean | F-test
b4 T T
0 40.3 39.2 40.4 37.9 40.1 419 |40.0b
. **k
N 15 38.1 44.5 41.2 41.0 48.2 51.1 (44.0a F
content, G: *x
g kg'1 30 35.2 41.6 40.2 40.1 42.6 443 140.7b FxG: | **
Seeds Mean 37.9f | 41.8¢c|40.6d|39.7e|43.6b| 45.8a | 41.6
0 45.8 59.8 47.1 52.7 70.9 77.4 [58.9c
. **k
upi\‘a'ke 15 669 | 117 | 805 | 105 | 137 | 149 [109a (F;; .
kg ha'ly 30 60.2 98.1 68.0 97.3 114 132 |95.6b FxG: |**
Mean 57.6f [91.7c | 65.2e (85.0d| 107b | 120a | 87.8
0 21.3 18.9 19.3 18.7 | 224 242 120.8b
. **k
Con’;‘ent 15 204 | 217 | 207 | 225 | 264 | 29.1 [235a (F;; .
g kg'l ' 30 18.8 19.4 19.6 21.1 23.8 25.7 |21.4b Fxé: *
Straw Mean 20.2c | 20.0c | 199c | 20.8c|242b| 26.3a | 219
- 0 622 | 733 | 69.2 | 755 | 95.8 | 99.9 [79.3¢
upi\'a'ke 15 839 | 109 [ 929 | 118 | 154 | 163 [120a (F; o
kg ha” |30 759 | 859 | 831 | 956 | 136 | 131 [101b| g6 [ns
Mean 74.0d [89.3bc| 81.7c|96.4b | 129a | 131a | 100

See footnote of Table 2

Phosphorus content and uptake

Table 5 clarifies the content and uptake of P in soybean seed and straw as
affected by the tested treatment. Phosphorus content and uptake by soybean
seeds and straw increased as a result of foliar spray and seed irradiation. The
highest P content of 6.56 g kg™ in seeds and 3.98 g kg™ in straw was by
HA+AA2 and HA + AAL, respectively with 15Gy as compared with 3.02 and
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2.22 g kg™ in seeds and straw, respectively for the untreated. The highest P-
uptake of 19.1 kg ha™ in seeds was by HA + AA2 with 15 Gy while the highest
P-uptake of 23.3 kg ha™ in straw was by HA+AAL; with respective increases of
457% and 258%.

The individual effect of gamma irradiation showed pronounced increases of
15Gy than 30Gy for P content in seed and straw and its uptake. The main effect of
foliar applications followed the sequence: HA+AA2 > HA+AA1 > AA2 > AA1
> HA for P content in seeds and HA+AA2 > HA+AA1l > AA2 > AA1 > HA for
P-uptake in seeds, respectively. In straw the pattern was: HA+AA2 > HA+AAI
> AA2 > AA1 > HA for P content and HA+AA2 > HA+AA1 > AA2 > AAl >
HA for P-uptake. The main effect regarding irradiation shows 15 Gy > 30 Gy
for content and uptake, in seeds as well as straw.

TABLE 5. P content (g kg) and P-uptake (kg ha™) of soybean as affected by
gamma irradiation and foliar applications.

* Foliar application (F)
Gamma - 4 ~
dose © < <
Item s < z P < < g
(G) g T § } ¥ P> Mean | F-test
P4 T T
0 302 | 345 [ 311 | 321 | 335 | 356 [3.28¢
. **k
P 15 351 | 535 | 495 | 509 | 593 | 6356 |523a|
content, G: *x
g kgl 30 334 | 504 | 472 | 484 [ 539 | 612 [491b| pyi. [4w
Seeds Mean | 3.29d [4.61bc| 4.26c|4.38c|4.89b | 5.41a | 4.47
0 343 | 526 | 363 | 446 | 593 | 657 [4.88¢
. **k
uptpa'ke 15 6.16 | 14.1 | 968 | 130 | 169 | 19.1 [13.2a (F;'- o
kg ha't |30 571 | 119 | 7.97 | 117 [ 145 | 183 [117b] gy |4
Mean 5.10e | 10.4c | 7.09d|9.73¢c|124b| 147a | 9.91
0 222 | 289 | 243 | 265 | 323 | 349 [282¢
. **k
Confent 15 286 | 3.12 | 348 | 372 | 398 | 386 [350a (F;; .
gkg' |30 272 | 291 | 324 | 346 | 352 | 361 [324b| 6 |Ns
Straw Mean 2.60d | 297¢ |3.05bc| 3.28b|3.58a| 3.65a | 3.19
- 0 648 | 112 | 871 | 107 | 138 | 144 [109¢
upfa'ke 15 | 118 | 156 | 156 | 196 | 232 | 216 [17.9a] © |,
kg ha” |30 110 | 129 | 187 | 157 | 201 | 184 [153b| g6 [ns
Mean 9.74d | 13.2c¢ | 127c | 153b|19.0a| 18.1a | 14.7

See footnote of Table 2

Potassium content and uptake

As shown in Table 6, K content and uptake in seeds and straw increased
owing to foliar spray and seed irradiation with exception of K content in straw
which was insignificantly affected by irradiation. Highest K contents of 16.8 g
kg in seeds was by HA + AA2 with 15 Gy, and highest content of 35.4 g kg™
in straw was by HA+AA1 with 15Gy. Highest K uptake of 49.0 kg ha™ in seeds
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was due to HA + AA2 and highest K uptake of 206 kg ha™ in straw was by
HA+AAL; with respective increases of 159% and 325%.

TABLE 6. K content, g kg™ and K-uptake, kg ha™ of soybean as affected by
gamma irradiation and foliar applications.

“Foliar application (F)
Gamma - - ~
dose o - ~
Item (G) % < p: b % % Mean
2 % % F-test
0 830 | 104 | 925 [ 960 | 108 | 106 [9.80¢c
Con’;nt 15 | 108 | 152 [ 138 | 149 | 153 | 168 |145a] © |,
g kg™ [ 30 103 | 150 | 116 | 132 | 144 | 156 |134b| pi. [wx
Seed Mean 9.80c |135b|11.6d|126c|135b| 143a | 126
y 0 943 | 159 [ 108 | 133 | 190 | 196 [147¢
K- 15 189 | 399 | 270 | 381 | 436 | 490 |361a| F
uptake, b G: **
kg ha |30 176 | 352 | 195 | 320 | 385 | 466 [3L6b| . |
Mean 15.3e [30.3c[19.1d[27.8c|33.7b| 38.4a | 274
0 16.6 | 236 | 212 | 224 | 253 | 245 | 223
K 15 194 | 287 | 246 | 273 | 354 | 318 | 279 | F
content, 5 6 | 2 235 | 239 | 292 | 276 G NS
g kg™ 17. 4.4 5 . . 76 | 244 | 56 Ins
tran Mean | 17.9d |25.6bc| 23.1¢c [245bc|30.0a [28.0ab| 24.8
< 0 485 | 915 | 76.0 | 904 | 108 | 101 [s5.9c
. **k
K- 15 79.8 | 144 | 110 | 144 | 206 | 178 |144a| F
uptake, G: |**
kg ha |__30 711 | 108 | 996 | 108 | 167 | 141 [116b| . | =
Mean | 66.4e | 114c | 953d| 114c | 160a | 140b | 115

See footnote of Table 2

The main effect of foliar spray shows: HA+AA2 > HA+AA1 > HA > AA2 >
AAL1 for K content in seed and HA+AA2 > HA+AA1 > HA > AA2 > AA1 for
K-uptake by seed; HA+AA1 > HA+AA2 > HA > AA2 > AA1 for K content by
straw and HA+AAl > HA+AA2 > HA = AA2 > AA1 for K uptake by straw.
The main effect for irradiation shows 15Gy > 30Gy for contents as well as
uptake of K in seeds and straw.

Conclusion

The obtained results reveal that foliar spray of soybean plants with humic
acid and/or ascorbic acid antioxidants is beneficial to crop growth, yield
components and nutrient uptake. Also, seed irradiated with 15 or 30Gy gamma
ray showed positive results. The 15Gy was superior to the 30Gy treatment.
Hence, it could be suggested that soybean plants grown may be sprayed with
ascorbic acid at 300 or 600 mg L™ and humic acid at 2000 mg L™ to enhance
growth and nutrient uptake as well as improve the quantity and quality of
soybean when seeds were exposed to 15 Gy gamma rays before planting. This
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may reduce requirements of chemical fertilizers with no toxic substances
accumulating or injurious radiation in the food chain.
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