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ABSTRACT

Two field experiments were conducted at EI-Gemmeiza Farm, Agricultural Research Center, during
2022 and 2023 seasons to study three forage crops (millet, sudan grass and teosinte) under six levels of
recommended mineral nitrogen fertilizer (RMNF) beside grain inoculation with cerealin biofertilizer (bio) on
growth characters, dry matter accumulation, forage productivity and quality as well as correlation coefficient
between fresh forage yield/fed and all previous characters.- The averages of three cuts, millet crop were superior
to sudan grass and teosinte crops in no. of tillers and leaves/plant, leaves area, dry weights of leaves, stem and
total/plant as well as fresh and dry yields/fed. However, sudan grass surpassed the rest crops in plant height.
Meanwhile, Teosinte crop exceeded in protein and digestible protein% in both seasons. - Application of 100%
RMNF + bio (Ts) recorded the highest significant values for all studied traits compared to the other tested N
fertilization treatments during the two growing seasons. However, there were no significant differences between
75% RMNF+ bio(T4)and100%RMNF + without bio (Te) for all the studied traits in the three cuts during the two
growing seasons.-The interaction between the two tested factors indicated that the application of Ts generally
recorded the highest values for most characters studied in the tested crops in one or more cuts in both seasons.-
There were a positive and high significant phenotypic correlation between fresh forage yield/fed and all growth
characters, dry matter accumulation and dry forage yield/fed as well as CP% and DCP% mostly in the three

forage crops.
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INTRODUCTION

In Egypt, the farmers really suffered from feed
deficiency for their livestock's, especially during summer
season because of limited cultivated area and the
competition between human food and animal feed.
Therefore, great efforts recently were achieved to grow
many favorable annual grass forage crops such as millet,
sudan grass and teosinte etc. into the Egyptian agricultural
rotation and crop composition for maximizing the forage
production in summer season.

Millet (Pennisetum glaucum), sudan grass (Sorghum
vulgare var sudanense) and teosinte (Euchlaena mexicana)
belongs to poaceae family are considered as promising
summer grass forage crops. They had high efficiency for
producing large amounts of biomass and vegetative canopy
through many cuttings per season as well as high resistance
to biotic and / or abiotic stress condition and consequently
encouraged the total forage production especially in arid and
semi-arid conditions. These advantages were previously
reported by Osman et al., (2022) and El-Gaafarey et al.,
(2023) for sudan grass, Habib et al., (2007) and Hassan et
al., (2022) for millet and Habiba et al., (2018 a) and Fayed et
al., (2020) for teosinte.

Many investigations were done for using the mineral
nitrogen (N) fertilization to enhance the growth, productivity
and quality of some forage crops such as millet (Habib et al.,
2007 and Ibrahim et al., 2014), sudan grass (Ikanovic, 2014
and Ziki et al., 2019) and teosinte (Aboelgoud et al., 2022).
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Implementation of biofertilizers results in increasing
forage crops production with increased sustainable and
environmentally friendly productivity and soil fertility.
Therefore, some researchers found an increase in the growth
and total forage production of some forage crops by the
inoculation with various biofertilizers including some
nitrogen fixing bacteria as reported by Hassan (2017) and
Swami (2020) for millet, Abd El-Rahman et al., (2005) and
Chahal et al., (2021) for sudan grass and Ibrahim et al.,
(2009) for teosinte. Moreover, it is well known that
Azospirillium spp is considered non — symbiotic nitrogen
fixing bacteria and has more ability to fix considerable
quality of N in the rhizosphere in non-leguminous crops
such as cereals, grass forage crops and etc. and consequently
the chemical N fertilizer can be saved by the inoculation
with such bacteria (Rani et al., 2019).

Therefore, the present investigation was carried out
to study the response of some grass summer crops (millet,
sudan grass and teosinte) to various levels of mineral N
fertilization and grain inoculation with biofertilizer namely
cerealin included Azospirillium bacteria as well as to detect
the suitable combination of them for maximizing the
development and forage production and quality of the three
crops.

MATERIALS AND METHODS

Two field experiments were done in the
experimental farm at El-Gemmeiza Agriculture Research
Station (ARC), El-Gharbia Governorate, Egypt (Latitude:
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30° 79 53 and Longitude: 31° 12 28) to study the influence
of different levels of recommended mineral nitrogen
fertilizer (RMNF) as well as grain inoculation with
biofertilizer (cerealin) on some summer forage crops during
2022 and 2023 seasons. Each experiment included 18
treatments which were the combination of two factors as
follows:
A- Three summer forage crops:
1- Millet (Shandawel 1 variety)
2- Sudan grass (Giza 2 variety)
3- Teosinte (Gemmeiza 4 variety)
B- Six nitrogen (N) fertilization treatments:
(T1) 0 % RMNF + without cerealin inoculation (control)
(T2) 0 % RMNF + cerealin inoculation
(T3) 50 % RMNF + cerealin inoculation
(T4) 75 % RMNF + cerealin inoculation
(Ts) 100 % RMNF + cerealin inoculation
(Te) 100 % RMNF + without cerealin inoculation

At each experiment, the treatments were arranged in
a split plot design with three replications. The three forage
crops were allocated at random in main plots, while the six
N fertilization treatments were allocated at random in sub-
plots. The area of each sub plot was 12 m? including 4 rows
(3.75 m long and 0.80 m width). The mechanical and
chemical analysis for the experimental soil as well as
temperature and relative humidity % of experimental area
are shown in Tables 1 and 2, respectively. The grains of the
tested forage crops were obtained from the Forage Crops
Research Section, Field Crops Research Institute, ARC,
Giza, Egypt.

Table 1. Mechanical and chemical analysis of
experimental soils in 2022 and 2023 seasons

Soil properties 2022 2023
Mechanical analysis
Sand % 2224 22.06
Silt % 28.63 30.03
Clay % 49.13 4701
Texture class clay clay
Chemical analysis
pH 8.13 7.92
E.C. (ds/m) 155 0.65
Ca** 455 1.55
Soluble cations Mg** 3.80 2.05
(meg/l) Na* 6.54 252
K* 0.28 041
Soluble anions HCOs 688 309
(meg/) Cl 3.90 1.90
SO« 452 141
. . 41.06 44.06
g\éz;l]l)able nutrients P 349 581
K 405.36 463.15

Table 2. Monthly average of temperature and relative
humidity during the growing periods of
forage crops in 2022 and 2023 seasons.

2022 season 2023 season
Temperature Relative Temperature Relative

Month ©)  humidity () humidity
Max Min (%) Max Min (%)
June 3869 2133 4516 3865 2145 4359
July 39.74 2194 4575 4176 2312 4465
August 39.61 2322 49.03 4059 2353 48.05
September  37.84 2191 5099 3917 2297 4846
October 3207 1878 5785 3347 20.13 58.60

Before sowing, the grains of each crop were
inoculated with biofertilizer namely cerealin included non-
symbiotic nitrogen fixing bacteria, i.e. Azospirillium
brasilense, with the exception of T1 and Te treatments. The
tested biofertilizer was produced by Microbiological
Department, Soil, Water and Environment Research
Institute, Agricultural Research Center, Ministry of
Agriculture and Land Reclamation, Arab Republic of Egypt.
Grains were sown on 23" and 18" June in 2022 and 2023
seasons, respectively. Grains were hand sown in hills 20 cm
apart on both sides of each row, using seeding rates of 20, 20
and 25 kg grains/fed for millet, sudan grass and teosinte,
respectively. The preceding crops in this experiment were
flax and Egyptian clover in the first and second seasons,
respectively. Phosphorus fertilizer at a rate of 200 kg/fed
calcium superphosphate (155 % P,0s) and potassium
fertilizer at a rate of 50 kg/fed potassium sulphate (48%
K20) were added at single dose for each crop during land
preparation. The recommended mineral nitrogen fertilizer,
i.e. 100 % RMNF (65 Kg N/ fed) was applied in the form of
urea (46.5 % N). The experienced N fertilization treatments,
i.e. 0,50, 75 and 100 % RMNF were divided to three equal
doses, at 21 days after sowing (DAS) and after first and
second cuts. Three cuts were taken from each forage crop at
60 DAS, 40 days after the first cut and 30 days after the
second cut.

Characters studied:

At each cut,
determined in every plot
1- Growth characters

Plant height (cm), number (no.) of tillers/plants, no.
of leaves/plant and leaves area/ plant (cm?) were estimated
as an average of five plants.

2- Dry matter accumulation

- Leaves, stem and total dry weights/ plant (g) were
estimated as an average of five plants.

- Dry matter percentage (DM %): it was determined by
drying 100 g (as a sample), from fresh weight of five
plants, until a constant weight and then DM % was
estimated as follows

_ _ Dryweight of the sample
DM %= Fresh weight of the sample
3-Forage production

-Fresh forage yield/ fed (ton): it was estimated from all plants

grown in the two central rows at each plot (fed = 4200 m?).

-Dry forage yield/ fed (ton): it was calculated by

multiplying fresh forage yield/ fed by dry matter %.

4- Forage quality

The following chemical composition and nutritive
value were determined in sample included whole plant
(leaves + stem)

- Crude protein (CP 9%b): Nitrogen percentage was
determined according to the methods described by AOAC
(2019) and then CP % was calculated by multiplying
nitrogen percentage by 6.25

- Total carbohydrate (TC %): It was determined using
hydrochloric acid method by spectrophotometer at
wavelength 490 nm as described by Dubois et al., (1956).

- Digestible crude protein (DCP %b): It was calculated
according to the formula by Bredon et al., (1963): DCP %
= (CP % X 0.9596) — 3.55

5- Correlation studies:

Simple phenotypic correlation coefficient was
calculated between the fresh forage yield/fed and each of

the following characters were

X 100
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growth characters, dry matter accumulation and forage
quality for each forage crop (overall means of the six
fertilization treatments and three cuts) during the two
seasons.

Statistical analysis:

The data, in each cut at every season, were
statistically analyzed according to the methods described by
Snedecor and Cochran (1989). Duncan’s multiple range test
(Duncan, 1955) was used to compare the treatment means.
The mean values designated by the same letter (s) in each
column are not significantly at 5 % level.

RESULTS AND DISCUSSION

1- Growth characters

Table 3 included the growth characters studied (plant
height, no. of tillers/plant, no. of leaves/plant and leaves area/
plant) of the three tested summer forage crops (millet, sudan
grass and teosinte) as affected by different mineral and
biofertilization of nitrogen (N) treatments at three cuts in
2022 and 2023 seasons.

Data show that there are significant differences
among the three forage crops in all growth characters studied
in the three cuts in both seasons. Sudan grass crop had the
highest significant values of plant height (129.78 cm) in the
first season and (182.06 cm) in the second season, as an
average of the three cuts. However, millet crop produced the
highest significant values of no. of tillers/ plant (5.36) in the
first season and (6.13) in the second season, as an average of
the three cuts. In addition, millet crop was superior to the
other crops in no. of leaves/ plant (25.10 and 40.11) and

leaves area / plant (6028.3 and 9385.1 cm?) in the early
growth period (1% cut). Teosinte crop surpassed in no. of
leaves/ plant (18.77 and 30.50) and leaves area/ plant
(3335.4 and 3896.0 cm?) in the later growth period (3 cut)
in the first and second seasons, respectively. Similar results
were previously obtained by other investigators who found
superiority of sudan grass crop in plant height (Hassan et al.,
2017, Rady, 2018 and Hassan et al., 2022), millet crop in no.
of tillers (Habib et al., 2007, Hassan et al., 2016 and Abd El-
Naby et al., 2016) and teosinte crop in no. and area of
leaves/ plant (Mohamed, 2024) as compared with other
summer grass forage crops.

Regardless of the three tested forage crops, it can be
noticed that application of N element as a mineral and / or as
a biofertilizer caused a significant increment in all growth
characters studied herein compared to the unfertilized plants
(T1) (at the three cuts) in both seasons. Plants fertilized with
100 % of the recommended mineral N fertilizer (RMNF)
and inoculated with cerealin biofertilizer (Ts) produced the
highest significant values of plant height (130.51 and 172.63
cm), no. of tillers/ plant (5.45 and 5.85), no. of leaves/ plant
(20.08 and 38.85) and leaves area/ plant (5907.8 and 7503.5
cm?) in the first and second season, respectively, as an
average of the three cuts. This superiority of such treatment
(Ts) may be due to the positive effect of N element forms
either as mineral fertilizer or biofertilizer for enhancing the
activity of meristematic tissue and cell division which
caused elongation in plant height and increasing in no. of
tillers and leaves/ plant.

Table 3. Growth characters of some summer forage crops as affected by N mineral and bio fertilization at three cuts

during 2022 and 2023 seasons.

2022 season
st nd rd
CharaCterS Fer(t:i;i(giion - C;J—:;OSint ol ot

Millet Sudan o Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
T1(%+0) 10465ef 11641de 5730h 927D 8077¢h 9%B24eh 7129h 877C  T7143gh T737f 5071 6718E
T(%+B) 12762cd 136%cd 7640gh 11366C 1040cth 12030cf 8912fch 1047/B  8210f 8319e 59651  7665D
Plant height T3(50%+B) 13786cd 14812c 7887¢gh 12162BC 11207cg 12940be 9145fh 11097B  8775e 9Blled 6682h  8423C
(cm) Ta(75%+B) 143%c 1497%c 8380fy 12585BC 1R17bcd 15697ah 9812dth  12910A  870e 1088lb 7246gh 8999B
T5(100%+B) 171458 191%a 9150fy 15163A 14507adhc 17037a 10978dg 14174A 10225¢ 11600a 7619fy 9BI15A
To(100%+0) 14678c 15145hc 8683fy 12835B 13140bcd 16510a 10645dg 13462A  9591d 11463a  7866f  9640A

Mean 13872A 14911A 7912B U770B 13937A HA37C 8802B 10085A 6742C
Ti%+0) 445dg 293h 342¢h 360D 447¢f 29g  350fy 366D  300ckf 213f 257¢f  25/D
T2(0%+B) 51lce 367/fgh 417dh  432C 526bc  350fy 389dg 42CD 400ae 267ef 33Bcf 3383CD
No. of tllers/ Ts(30%+B) 615ac 383eg 417dh 472BC  55%6bc 350fy  456¢f 454C 467abc 3000ef 367bf 378BC
plaﬁt Ta(75%+B) 656ab 450dg 433dg 513AB  611ab  433cf 5llbcd 518B 433ad 33Bcf 433ad 400ABC
T5(100%+B) 667a  500cf 533bcd 567A 700a 483k 62db 602A 533a 400ae 500ab 478A
Te(100%+0) 656ab 467dg 500cf 541AB 628ab 367efy 61lab 535B 500ab 367bf 467dx 445AB

Mean 52A  410B 440B 578A  380C 490B 4309A 313A 3BA
Ti(%+0) 2047cd 1373hi  985) 1468D 1413¢gh  976i 1947de  1446D 1157i 950j 1360fgh 1156E
T2(0%+B) 2433b 1675fy 1267i 17RC 1767¢f 1148hi 2408bc  17.74C 1286h 13Ri 1767c¢ 13%BD
No. of leaves/ Ts(0%+B) 2583ab 1769¢f 1507¢gh 1953B 1933de 1319gh 2408bc 1887BC 1301gh 128h 1867b 1485C
plaﬁt TA{>%+B) 2608ab 1900de 1533gh 2014B 2067de 1414¢gh 2558ah 2013AB 139%ef 1343fch 2067a 1602B
T100%+B) 2708a 2125c 1667fy 2167A 2200cd 1516fy 273%a  2150A 1543d 1449e 213Ba 1708A
Te(100%+0) 2683a 195600k 1567fgh 2069AB  2100d 1485y 2438hc 2006AB  13%0ef 1362fy 2067a 1606B

Mean 2510A  1800B 1421C 1913B  1310C 2415A 1345B 1253C  1877A
Ti(%+0) 440290ef 25560f 27238f 3276C 28054cde 12629e 42401lae 27695C  19315i) 18496) 21460hi 19757F
TA%+B) 51799be 31949ef 3R217ef 38B8C 36434be 16838de 53001ahc 35424BC  22052h 21760hi 238450h 22552E
Leaves area/ T{H0%+B) 610L6ad 4557.1cf450250ef 50537B 48446ad 3042600k 58788dbc 4583 7AB  26512f 25604fy 31856e 27991D
Plant (c1?) Ta(75%+B) 66851ac 5243%€513050e 56865B 54455ac 34294be 61404abc 50084AB  29695e 30015e 36835cd 32182C
Ts(100%+B) 74400a 708823b 64600ad 6996.1A 73252a 46838ad 67659adh 62600A 45638a 40530b 47850a 44673A
Te(100%+0) 63605ad 56004ad34929ad 58179B 61957dc 34096be 66585ah 54213A 34643d 29330e 3827.7hc  34083B

Mean 60283A 47068B 4605.2B 50450A 29195B 58306A 20643B 27623C 333B4A

0,50, 75 and 100 % of recommended mineral N fertilizer (RMNF),  B: grain inoculation with N biofertilizer (cerealin)
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Table 3. continued.

c 2023 season
Characters Fe rtilrigziion 1%t cut 2nd cut 31 cut
Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
T1(0%+0) 10900y 11767fy 916/h 10611D 12933ch 157.33def 102000 12955D 12300bF 996/f 11967cf 11411B
T2(0% +B) 14233 194330c10200gh 14622C 13H33fg 17600cd 11200hi  14111C  1367/bf 15600ehc  97.33fF 12900AB
Plant height T3(50% +B) 17133d 19833b 11100g 16022B 13633fy 18933bc 14133efy 15567B 1366/f 15600ed 10133ef 131L.00AB
(cm) T.(75%+B) 18167cd 20333 11200y 16567B 13933%fy 19033bc 15000efy 150458 14000bf 15067ac 11333 13767AB
Ts (100 % +B) 18300hc 25667a 12733f 19067A 14667efy 21633a 16133de 17478A 15033ae 18933 11767cf 15244A
Te(100 %+0) 14200e 24767a 11333fg 16767B 14167efy 20367ab 13300y 15989B 14167af 17133h 10533ckf 13945AB
Mean 15572B 20800A 10956C 13811B 18883A 13328B 13756B 15517A  10911C
T1(0%+0) 66/bcd 267i 367/ghi 434D 367 367 467def 400D 333Cd  267de 200e 267C
T2(0%+B) 73%bc 333hi 500y 52C 567/ce  433f  467def  489C 3.33ad 3.33ad 267ce 311B
No. of T3(50%+B) 767ab 433fgh 500efy 567/BC  667hc 433f  500def 533BC 36/bc  333cd 333ad 3448
tillérsl plant T4(75%+B) 767ab 530def 6000k 632AB 7330 A6Adef 564k 587B 433h  367c 367hc 38A
Ts(100% +B) 867a 567cef 5330ef 656A 967a 467def  600cd 6.78A 433h  367c 467a 422A
Te (100 %+0) 867a 533def 5330def 644AB 767 4670ef 567/cce 601B  400abc  367bc 433 400A
Mean 778A 444B 506B 6.78A 438C 5271B 383A 339B 344B
T1(0%+0) 3B67def 2000eh 2667h 2078D 3033gh 20000 3A00efy 2811C  2136h  2A3Bh  2467ef 244D
T2(0% +B) 3433cde 2033eh 27.33gh 0D3BD  3100gh 267  36. 000C 2367fgh 200gh 2533def  236/D
No. of T3(50% +B) 4000c 3333dg 280h B78C  413%d  273h BIf BB 276d  283fh R00c  276/C
Iea\./es/ olant T4(75%+B) 4367b 4000c 2067eh 37788  4200dc 3R67fh 3600cg 368B  H67f 2700k R00c  282BC
Ts(100% +B) 46008 4100 3B33od 4178A 423dx  4000ee 4133d 412A R67b  36Mc  H3KA  B%A
Te (100 %+0) 43000 4033 3067/ch 3B0B 4267 H0dg 4333 403BA 03X 240y V6 20338
Mean A011A BB  N1IC BVA 2061B BPA 2106B  2480C 3050A
Ti1(0%+0) 62668Kkf 21871 14476h 33002D 31720y 14742y 4142909 29970 22@1gh 11086  25905ch  19%27E
T2(0% + B) 7500%ck 37%4fch 29%68ch 47671C 34232y 19339y 42131dg 31901D 27668[gh 21836h  26%50fh  25248D
Leaves area/ T3 (50 % + B) 1003030c 47834efy 56024ef 68208 4440cf 4600l 478450k 42312CD RBAEf 3H746ck d67ely 33394C
Plant (cm?) Ta(75% + B) 1065665eh 530756fy 61242ckf 73201AB 51348k 48%B4ce 55673k 51968C  4061d  3BH2ck  BBAEf  37514C
Ts (100 % +B) 24120 86%B4bod 64023cef 84532A  97R5a 60470k 93386eh  83728A H5Mlb 48086 68080a  56344A
Te (100 %+0) 127080a 636790ef 62838ckf 81130B 68388od 5388k 786lldc 66/9B 508D  415%63ad  49116b  4721B
Mean 936IA 51895B 4817.7B 56575AB  3%B16B  59B46A BB2A /BB BBOA

0, 50, 75 and 100 % of recommended mineral N fertilizer (RMNF),

In this concern, many researchers found that
application of N fertilizer either as mineral fertilizer of as
biofertilizer caused an increase in plant height, no. of
tillers/plants, no. of leaves/plants and leaves area/ plant of
sudan grass crop (Abd EI-Rahman et al., 2005) and millet
crop (Hassan, 2017) as well as plant height of teosinte crop
(lbrahim et al., 2009) compared to unfertilized plants. On the
other hand, plants fertilized with 100 % RMNF only (Te) as
well as those fertilized with 75 % RMNF and inoculated
with cerealin biofertilizer (T4) took the second and third
rank, respectively, for increasing all abovementioned growth
characters without significant differences between them, in
most cuts, in both seasons. This means that seed inoculation
with N biofertilizer (cerealin) combined with application of
moderate level of N mineral fertilizer (75 % RMNF)
produced the same significant values of growth characters
obtained by the application of high level of N mineral
fertilizer (100 % RMNF) alone without N biofertilizer,
indicating that using N biofertilizer had beneficial and
additive effect to N mineral fertilizer for improving the
growth characters of the tested forage crops. This beneficial
effect maybe due to promoting some growth regulators such
as indole acetic acid (IAA), cytokinin and gibberellic acid
beside N, fixation by some nitrogen fixing bacteria. In this
respect Jain and Patriquin (1985), Kennedy and Tchan
(1992), Mikhailouskaya and Bogdevitch (2009) and Vishnu
etal., (2022) came to the same conclusion.

The interaction between the two experienced factors
(3 forage crops and 6 fertilization treatments) had a
significant effect on all growth characters studied in the three
cuts during both seasons. The behavior of growth characters
for the tested forage crops to the interaction treatments was

B: grain inoculation with N biofertilizer (cerealin)

fluctuated from crop to another at three cuts. Significantly
highest values were observed for plant height by sudan grass
(at three cuts), no. of tillers/ plant by millet (at three cuts), no.
of leaves/ plant by millet (at 1% cut) and by teosinte (at 2™
and 3" cuts) and leaves area/ plant by millet (at 1% and 2
cuts) and by teosinte (at 3" cut) when they were fertilized
with 100 % RMNF and inoculated with cerealin biofertilizer
(Ts), mostly in both seasons. Nevertheless, it can be noticed
that there are no significant differences among the plants
fertilized with 50 or 75 % RMNF beside cerealin inoculation
(Ts or T4) and those fertilized with 100 % RMNF only (Ts)
in all growth characters studied herein at each tested forage
crop (mostly at three cuts) in both seasons. This means that
the grain inoculation with N biofertilizer in combination
with mineral N fertilization at medium levels are able to
complement each other and so make better use of N
resources than when they were added separately. Similar
results were obtained by many investigators who found that
application of N as mineral and biofertilization together was
more effective for promoting the growth and development of
plant height and no. of tillers/ plant (Ibrahim et al., 2013 and
Hassan, 2017) as well as no. and area of leaves/
plant (Habiba et al., 2018 b) for some forage crops as
compared with their individual application.

Additionally, it can be noticed that the mean values
of all growth traits studied herein for each of millet and
sudan grass crops were decreased gradually with successive
cuts from the early cut (1 cut) up to the later one (3¢ cut) in
both seasons. Reversely, such growth traits for teosinte crop
were increased up to the 2" cut and then decreased another
time up to 3 cut in the two seasons. These results were
previously supported by Habiba et al., (2018 a) for teosinte
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crop, Hassan (2017) and El-Gaafarey et al., (2023) for millet
crop and Mohamed (2024) for sudan grass crop.
2- Dry matter accumulation:

Dry matter accumulation is an important yield
contributing characters that may affect the forage production
of forage crops. Results of dry matter accumulation/ plant
(leaves, stem and total dry weight/ plant as well as dry matter
%) are significantly affected by the three tested forage crops
and six fertilization treatments and their interaction at most
cuts in both seasons as shown in Table 4.

In comparison among the three tested forage crops, it
can be noticed that the distribution of dry matter
accumulation in different plant organs for tested forage crops
varied from cut to another. Leaves dry weight/ plant of millet
crop was superior at 1% cut (27.83 g), but the superiority of
such trait was recorded by teosinte crop at 2" and 3™ cuts
(26.52 and 16.29 @), respectively, as an average of both
seasons. Reversely, the highest values of stem and total dry
weight/ plant at 1% cut were obtained by sudan grass (37.95
and 60.65 g) in the first season but by millet crop (40.74 and
69.60 g) in the second season for the same respective traits
without significant differences between the two crops,
mostly, in both seasons. However, at the later cut, millet crop
produced the highest values of stem dry weight (25.07 and
25.88 g) and total dry weight/ plant (38.00 and 44.10 g) in
the first and second season, respectively. The superiority of
total dry weight for sudan grass crop (at early cut) and for
millet crop (at later cut) may be due to the increase in plant
height for sudan grass, as well as no. of tillers and leaves/
plant and leaves area/plant of millet crop at such cuts as
shown previously in Table 3

Nevertheless, teosinte crop produced the lowest
values of stem and total dry weight/ plant at three cuts
compared to the rest tested forage crops in both seasons.
However, there are no significant differences among the
three tested forage crops in their dry matter %, mostly, at
three cuts in both seasons. These results were supported by
other investigators who found variation among some
summer grass forage crops in their stem dry weight in favor
of sudan grass crop (Silungwe, 2011 and Machado et al.,
2018) as well as leaves and total dry weight/ shoot in favor
of millet crop (Mohamed, 2024)

Regarding the influence of N mineral and
biofertilization treatments, data registered significant
differences among N treatments, overall, the three forage
crops, for the dry matter accumulation traits studied at all
cuts in both seasons. It is evident that application of the
highest N level, i.e. 100 % RMNF, beside inoculation with
cerealin biofertilizer (Ts) accumulated the highest amounts
of dry matter/ plant for leaves (27.83, 27.97 and 20.99 g),
stem (39.86, 35.26 and 26.59 g), total plant (67.68, 63.23
and 47.57 g) and dry matter % (20.38, 21.61 and 26.72 %) at
the first, second and third cuts, respectively, as an average of
both seasons. Nevertheless, there are no significant
differences between the application of medium N level (75
% RMNF) beside cerealin inoculation (Ts) and the
application of highest N level (100 % RMNF) alone (Te) for
the dry matter accumulation in the leaves, stem and total
plant, mostly, at three cuts in both seasons. This indicated
that N biofertilizer can be relatively compensate the decline
in the mineral N fertilization level that used in T4 treatment
(75 % RMNF).

Table 4. Dry matter accumulation of some summer forage crops as affected by N mineral and bio fertilization at three
cuts during 2022 and 2023 seasons.

c 2022 season
Characters Fe niﬂggiion 1% cut 2nd cut 31 cut
Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
Ti(0%+0) 252c 1574f 1310fF 1712C  1813fy 14279 1741fy 1661C  931f 8%y 102 9FBE
To(0%+B) 278la 1993 1724 2166B 2159cf 1920 240dae  2164B  1046e  9%ef  1208d  1083D
Leavesdry Ts(50%+B) 2647a 213k 1820k 2206B 2006def 213def 2766ab 232AB  1252d  103%e  1290d UHUC
weight/ Ta75%+B) 28008 26582 2180c H46A 2BMbe 22cf 285la 2472A 15@Bhc  1480kc  1515b 149A
plant (9) Ts(100%+B) 2806a 2713 2506 26/HA 2510ad 2121df 28782 2508A 1560ab 1406c  1616a  1527A
Te(100%+0) 2788 2540b 288  2673A 2354be  2043def 264lac 2846AB  1467bc  1238d  1476bc  1394B
Mean 2679A 270B  1973C 2198B  1979C  5B46A 12068A 116B  1357A
T1(0%+0) 2078fth 242h 18&h  186/C  1784d 18%d 1685d 178B 1906de 1274¢gh 1149h  144E
T20%+B) 2766df 283cef 1328ch 231BC  1958d 2339cd  1812d  2063B  268hc  1516fy 1455fh  1746D
Stem dry Ts(50% +B) R2Hcf B8 1330h 265/B  288Hc  3463a 2013d 2786A 2478b  1904ce 154%fy 1977C
weight/ Ta75%+B) 363%be 4841a 243y BPA 2090dc H78a 281lad 2060A 24W0bc 2A33%od  1642f  2038C
plant (g) Ts(100 %+B) 3683cd 49782 2487efy 3718A 2847dc RHad  2843c  2081A  31Ba  243lbc  2068d  H46A
Te(100 %+0) 41424c M486b 2373y B6/A P2 R3Bab  2433d 2064A B56a  B4lbc  1658F 284B
Mean P78B 37IBA 185C 2014A 2061A 2A8A 2B07/A  1933B  1587C
Ti(0%+0) 430fy 3BI6ch 249 HOC HoMy B2y ABy A86C BFfh 210§ 2188  B78E
T2(0%+B) 5h47cef 4831efy 305 M47/B  4ll7ey  4268cf  4216dg  4200B Rlde  BIH 663h 282D
Total dry Ta(50% +B) 500lce 55260ef 3161h  4863B 488%me 5597 477%e H088A 3730c 043y 2B3mh  3L71C
weight/ Ta75%+B) 643%cd 749%%b 4617y 6185A 533%b 5800a 5l62dc H54ARA 00k  HB13d 356 3H5B
plant(g)  Ts(100%+B) 64%d 7691a 499y 63PA 5357 7D 572 HAMA 469 RB3IC B/ AMA
Te(100 %+0) 6930ehc 7026dc 4661fy 6206A S676b 528lab  S074ad  5310A 432  H70od  3L3Af 36788
Mean 05/A 6066A 3B29B A812A MMA  470A 3B00A 0PB 2048
T1(0% +0) 143%f 153k  1208f 1391C 1704 155M 1553 1605B 1442 1668 1715h 1608D
T2A0%+B) 158%e 155%e 1405%f 1513C 175l 1744db  166%b 172AB 166 176%h 173dhi 172D
Dry matter Ti(50%+B) 158he 1530wk 145ef 1523C 17%b 167%b 180k 1758AB  193%4ch 1917h  218%fy  2014C
% Ta75%+B) 173lae 1774ad 172ae 1746B 1904b 1954 1765b 1874AB 2320df 2085y 2412k 2272B
Ts(100 %+B) 183dx 20162 20022  1951A 193%b 22Ua 1943b 2020A R4 2193y 280c  2746A
Te(100 %+0) 1780ad 1880b 1876h 1846AB 2033b 2053 1933 2006A 308 2A2%fy 2H6ld  2591A
Mean 1658A 1714A  1612A 1853A  1866A  17.78A 281A 1959B 2236A

075,50 ,and 100 % of recommended mineral N fertilizer (RMNF), B: grain inoculation with N biofertilizer (cerealin)
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Table 4. continued.

C 2023 season
Characters Fe rﬁlrigglsion 1%t cut 2nd cut 31 cut
Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
T1(0%+0) 2379dg 1667h 1501h 1849C 1874ghi 1405i 178hi 1688E 1019f 1147ef 1056f 1074D
T2(0%+B) 2944a 2105fy 2084g 2378B 22660-h 1877ghi 2491bh 2211D  1370def 14.16def 1288ef 1358D
Leaves dry Ts(50%+B) 283abc 2287efy 24.20def 2514B 2158e-h 1986fi 2938Bad 2361CD 1667cde 1625cde 16.39cde 1644C
weight/ T4(75%+B) 3045a 26.72bcd 2421def 2713A 2607ag 2380ch 3030abc 2672BC  2151bc 19.13bcd 2014bc 2026B
plant(g) Ts(100%+B) 3116a 2943ab 2613cde 2891A 3223ab 2747ae 3304a 3091A 2377b 2298b 3334a 2670A
Te(100%+0) 2097ab 2825dhc 2552cde 2791A 270laf 2620af 2997ad 27.73AB  2348b 2289b 2069hc 2235B
Mean 2886 A 2417B 2265B 2472A 2169B 2758A 1822A 1781A 1900A
T1(0%+0) 2259ij 2189j 118k 1879E 1951de 2008de 1753e 1904D 1954ch 1409¢h 1202h 152D
T:(0%+B) 28969 2804g 1352k 2351D 2445de 2319de 1906e 223D 2332bf 1648eh 1486fgh 1822CD
Stemdry T3(0%+B) 353lef 3331f 1371k 2744C 3480abc 3583abc 2287de 3117C 2557ad 2055b-h 1614eh 20.75BC
weight/ Ta(75%+B) 4916b 3746de 2513h 3725B 3639ab 404la 2664cde 3448BC  2497ae 228%g 1721dh 21.69BC
plant (g) Ts(100%+B) 5723a 4382c 2653gh 4253A 4148a 4364a 3698ab  4070A  3255a 2793%hc 266bg 2771A
Te(100%+0) 512b 3800d 2492hi 3805B 37.29ab 4308a 2917bcd 3651AB 2935ah 26.12ad 1759dh 24.35AB
Mean 4074A 3375B 1928C RRNA H3TA 2537B 2588A 2134AB 16.75B
T1(0%+0) 4638y 3856h 2690 3728E 3825hi 34.13i 353%hi  3BRE  2073fy 2656fg 22589 2596E
T2(0%+B) 5840e 4909fg 34361 4728D 471leh 419%ghi 4397  4435D  37020ef 3064efy 27.74fy 31.80DE
Totaldry Ts(50%+B) 6365d 5618e 379lh 5258C 56.38de 55.69def 522509 5477/C 4224be 3680def 3253efy 37.19CD
weight/ T4(75%+B) 796lb 6418d 4934fg 64388 6246ad 642lad 5694cde 6120B  4648ad 4202be 37.35def 4195BC
plant (g) Ts(100%+B) 883% 7325c 5266f 7143A 74522 711lab 692labc  7161A 56322 509labc 5600 5441A
Te(100%+0) 811% 6625d 5044f 6596B 64.30ad 69.28ac 59.14be 6424B  5283b 490lad 3828cf 46.71B
Mean 6960A 5792B 41.94C 57.04A 5606A 5295B 4410A 3916AB 35.75B
T1(0%+0) 1407) 1604hi  1338) 1450F 15731 1597hi 1321k 1497F 2046)k 1541m 2056ik 1881F
T2(0%+B) 159hi 17.11g 1426) 1577E  1534ij 188%f 1368k 1597E  2188gh 1789 2142hij 2040E
Dry matter Ta(0%+B) 1734fg 1778efy 15251 1679D 1720gh 1947ce 1416k 169D 22%0efy 1967k 219gh 2150D
% T4(75%+B) 1820ef 1984d 1679gh 1828C 2009de 2062cd 1782fg  1951C  228B8efy 21.73ghi 2263fgh 2241C
Ts(100%+B) 2153 2234a 1985d 2124A 2346a 2349 218lhc 2292A 2683a 2520bc 2591ab 2598A
Te(100%+0) 2106bc 2042cd 1868e 2005B 21.70bc 2258ab 1873ef  2100B  24.34cd 24.08cde 233ldef 2391B
Mean 1802A 1892A  1637A 1892A 2017A 1657A 2321A  2066A 2263A

0, 50, 75 and 100 % of recommended mineral N fertilizer (RMNF),

Moreover, it can be noticed that the plants inoculated
with cerealin biofertilizer alone (T>) significantly increased
the dry matter accumulation traits studied (leaves, stem and
total plant) more than the unfertilized plants (T1) at three cuts
in both seasons. However, the inoculation with cerealin
biofertilizer alone was not sufficient to reach the maximum
productivity of dry matter accumulation compared to when
its combination with mineral N fertilizer at any level. In this
respect, many investigators found that application of N
element either as a mineral and / or as a biofertilizer caused
an increment in total dry weight/ plant of some forage crops
such as sudan grass (Abd EI-Rahman et al., 2005, Ziki et al.,
2019 and Chahal et al., 2021), forage sorghum (Afzal et al.,
2013 and Rathore, 2016) and millet (Habiba et al., 2018 b
and Swami et al., 2020).

The interaction between the tested forage crops and
N fertilization treatments on dry matter accumulation of
leaves, stem and total plant were significant at all cuts in
both seasons. Generally, it can be noticed that plants
fertilized with 100 % RMNF and inoculated with cerealin
biofertilizer (Ts) produced the highest values of leaves dry
weight, especially by millet crop (at 1% cut), and teosinte (at
2@ and 3 cuts) in both seasons. Moreover, the highest
values of stem and total dry weight/ plant as well as dry
matter % were recorded by sudan grass (at 1% and 2™ cuts)
and by millet (at 3 cut) when they were fertilized with the
same treatment (Ts) in the first season. However, in the
second season, sudan grass or millet crops were superior in
stem, total dry weight/ plant and dry matter % (at 1% and 2™
cuts), while millet crop was superior in such traits (at 3 cut)
when they were fertilized mostly with (Ts). Noticeably, there
are non-significant effect among the application of 50 or 75

B: grain inoculation with N biofertilizer (cerealin)

% RMNF beside inoculation with cerealin biofertilizer (Ts
or T,) and the application of 100 % RMNF only without
inoculation (Te) for most dry matter accumulation studied at
the three cuts in both seasons. This reflect the impact role of
N biofertilizer which promoting plant growth characters
compared to the mineral N fertilization alone, as shown in
Table 3. This advantage may be attributed to the adequate
supply of many macro and micro elements and some growth
regulators which were released around the plant roots with
biofertilizer application.

Observably, the values of dry matter accumulation/
plant (leaves, stem and total dry weight/ plant) for millet and
sudan grass crops recorded the highest values in the early
growth period (1% cut) and then the values were gradually
decline with age progress up to the later period (3 cut).
However, teosinte crop recorded the highest values of those
traits in the medium period (2" cut) and then decreased up to
3 cut where produced the lowest ones in the two seasons.
Oppositely, at later cut (3@ cut) the values of dry matter %
recorded the highest amounts, while the lowest ones were
recorded at early cut (1% cut) in the three tested forage crops
in both seasons. These results may be due to the increase in
the fiber and/ or carbohydrate in such forage crop canopy at
their later growth stage. Similar conclusions were obtained
also by Abd el-shafy (1991), Marei (1992) and Mohamed
(2024).

3- Forage production:

Forage production (fresh and dry forage yields/ fed)
of the tested forage crops (millet, sudan grass and teosinte)
under different N levels of mineral and biofertilization and
their interaction at the three cuts and total of them in both
seasons are presented in Table 5.
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Significant variation was detected among the three
tested forage crops in their forage production in favor of
millet crop which produced the highest values of fresh and
dry forage yields/ fed (18.201 and 3.207 ton) at the 1% cut,
(15.618 and 4.969 ton) at the 2™ cut and (43.156 and 8.395
ton) at the total of three cuts, respectively, as an average of
the two seasons. Reversely, teosinte crop significantly
outyielded the rest crops mostly in the 3, where it produced
the maximum values of fresh yield/ fed (11.519 ton) and dry
forage yield/ fed (2.637 ton), as an average of the two
growing seasons. From these results, it can be suggested that
the superiority of millet crop in its total forage production/
fed compared to the other crops may be attributed to the
clear increment of its growth characters (plant height, no. of
tillers/plants, no. of leaves/plants and leaves area/ plant), as
shown in Table 3 and total dry matter accumulation/ plant,
as shown in Table 4 at one or more cut during the two
growing seasons. In this respect, Hassan et al., (2016),
Hassan et al., (2022) and Mohamed (2024) found also that
millet crop was superior to sudan grass and teosinte in its
forage production per fed

Overall means of the three tested forage crops, the
data indicated that application of N element either as a
mineral fertilizer and / or as a biofertilizer (cerealin) caused
an increase in fresh and dry forage yields/ fed at three cuts
and their total compared to unfertilized plants in both
seasons. The relative increase in total fresh yield/ fed
amounted to 17.15, 31.63, 51.67, 78.03 and 65.66 % as well

as that of total dry yield/ fed amounted to 26.16, 50.12,
89.86, 154.25 and 124.42 % for total dry yield/ fed when the
plants were fertilized with Ty, Ts, T4, Ts and T treatments,
respectively more than the unfertilized plants (T1), as an
average of both seasons. From these results, it can be
observed that the maximum pronounced relative increase %
occurred herein were obtained by application of 100 %
RMNF accompanied with cerealin biofertilizer inoculation
(Ts). The superiority of all growth characters studied and dry
matter accumulation/ plant that recorded by the application
of Ts treatment as previously discussed in Tables 3 and 4
may be contributed to high productivity of forage crops/ fed
under such treatment compared to the other treatments.

However, there are no significant differences
between the application of 100 % RMNF alone (Tg) and the
application of 75 % RMNF combined with cerealin
biofertilizer inoculation (T4) for both fresh and dry forage
yields/ fed at most cuts in both seasons. These results
indicated to the importance of inoculation with cerealin
biofertilizer for saving about 25 % of mineral N fertilizer
level as well as producing the same significant yields/ fed
obtained by high level of mineral N fertilizer alone. These
results were supported by Ibrahim et al., (2013), Hassan
(2017) and Habiba et al., (2018 b) who suggested that
integration of mineral N fertilizer with N biofertilizer,
containing N fixing bacteria, showed a considerable
improvement of forage production per unit area of millet
crop.

Table 5. Fresh and dry forage yields of some summer forage crops as affected by N mineral and bio fertilization at
three cuts and their total during 2022 and 2023 seasons.

Crops _ 2022 season '
Cuts Fresh forage yield/ fed (ton) _ Dry forage yield/ fed (ton) _
Fertilization ~ Millet Sudan  Teosinte ~ Mean Relative Millet Sudan Teosinte Mean Relative
Increase% Increase %
T1(0%+0) 11.88gh 11.033hij  7.242k 10.053C - 1714fgh 1679fgh 08731 142D -
T2(0%+B) 1395%6dg 13293e-h 9052}k  12.100B 20.36 2225def 2047efyg 1269hi 1847C 2989
1 T3(50% +B) 17.327bc 13584dh  9193ik  13368B 32938 2755be 2082ef 1334ghi 2057C 4466
aut T4(75% +B) 19680ab 14.685cf 11628ghi  15.391A 53.10 3413ab 263lcde 20l4efy 2686B 88.89
Ts(100% +B) 203%a 16000cd 12475fgh  16.286A 62.00 3733a 3175abc 2493cde 3134A 12039
Te (100 %+0) 20266a 15329cde 12025¢gh  15873A 57.89 3609a 2879bcd 2299def 2929AB 10598
Mean 17250A  14017B  10269B 2908A 2415A 1714B
T1(0%+0) 8656cd  6265d 7.738d 7553D - 1497fy 0964g 119g 1220E -
T2(0%+B) 11098cd 8582cd 10317cd  10.000D 3240 1972dg 1479fy 1719fy 1723DE 4123
o T3(50% +B) 16657ab 10571cd 10771cd 12667C 67.71 2998ae 1828fg 1885efg 2237CD 8336
out Ta(75%+B) 17017ab 1279bc 10864cd 13560BC 7953 3223abc 2460cf 1926efy 2536BC  107.87
Ts(100% +B) 19009a 18245a 15762ab 17.672A 13397  3524ahc 4060a 3053ad 3546A 19066
Te (100%+0) 17.711ab 17618ab 13320bc 16.216AB 11470  3572abc 3620ab 2552bf 3248AB  166.23
Mean 15024A 12347A  11462A 2798A 2402A 2056A
T1(0% +0) 4.955hij 3245j 7717dg 5306D - 0698k 0542k 1323ghi 08ME -
T2(0%+B) 599¢ghi  3817] 8769cde 6.185CD 1657 0969ik 0676k 1521fgh 1055DE 2354
3 T3(50% +B) 6480fgh  4197if  9489bcd  6.722C 26.69 1261g4 0803jk 2077cde 1380CD 6159
aut T4(75%+B) 6807fgh 5859ghi 10077abc  7581B 4288 1580fgh 1223hij 2420bc 1741BC 10386
Ts(100% +B) 7.050efy 8762cde  1148la  9.098A 7147 2286cd 1926def 3211a 2474A 18970
Te (100 %+0) 6980efy 8058def 10.701ab  8580AB 61.70 2147cde 1724efy 2745b 2206AB 15831
Mean 6.374B 5.656B 9.706 A 1490B 1149C 2216A
T1(0%+0) 2549 20543k 22.697j 2912E - 3909k 3185k 3395k  349F -
T2(0%+B) 31023y 25692 28138h  28.284D 2345 5166gh 4.202hk 450%hij 4.626E 3231
T3(50% +B) 40464d  28.352h 29453  32.756C 4297 7014de  4713h 529fgh 5674D 6231
Total T4(75%+B) 43504c  33523f 32569f  36532B 59.44 8216bc 631defy 6.360ef 6.963C 99.18
Ts(100% +B) 46449  43003c 39.715d  43.056A 87.92 95432 9161ab 8757abc 9154A 16183
Te (100 %+0) 44957b  41.005d 36.046e  40.669A 7750 0328 8223bc 75%cd 8382B 13977
Mean 38649A  32020A  31436A 7196A 5966A  5986A

0, 50, 75 and 100 % of recommended mineral N fertilizer (RMNF),

B: grain inoculation with N biofertilizer (cerealin)
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Table 5. continued.

2023 season
Cuts C_r_ops_ Fresh forage yield/ fed (ton) Dry forage yield/ fed (ton)
Fertilization Millet Sudan  Teosinte Mean Relative Millet  Sudan Teosinte Mean Relative
Increase%o Increase%
T1(0%+0) 16708de 10491g 6.791h 11452E - 2402ghi  1673K 09071 1661E -
T2(0% +B) 17075de  13203f 7.832h 12581D 9.86 2670fy  2271hi 11181 2020D 2161
13 T3(50% +B) 18026cd  15723e 7.987h 13912C 2148 3133de 2.79%4¢f 12191 2382C 4341
cut T4(75%+B) 20717b  17445d 10251g 16.138B 4092 3775bc  3468cd 1717jk  2987B 79.83
Ts(100%+B) 23072a 20609b  12645f 18775A 63.95 4974a  4627a 2506fgh  4036A 14299
Te (100 %+0) 19303bc 19215bc 109469  16483B 4397 4075b  3887b 2045ij 3336B 10084
Mean 19151A 16114B  9409C 35056A 3120A 1585B
T1(0%+0) 13753dg 8680i 108%4hi  11.109D - 2166fgh  1.392i 1437i 1665E -
T2(0%+B) 138%0dg 11553gh 11509ef 12.317CD 1087 2124fgh  219%fgh  1574hi  1965DE 1802
ond T3(50% +B) 13367d-h 13347dh 125%eh 13103C 1795 2299fy 2593¢f 1783ghi  2225D 3363
cut T4(75%+B) 15658cd 17.330bc 14501de 15831B 4251 3136de 3568cd 2582ef 3095C 85.89
Ts(100% +B) 19443ah 20546a 14.239%def  18076A 62.71 4555ab  4871a 3103e 4176 A 15081
Te (100 %+0) 21160a 17285bc 12565¢-h 17.003AB 53.06 4558ah 3988hbc 2355fy 3634BC 11826
Mean 16212A 14790AB 12717B 3140A 3101A 2139A
T1(0%+0) 7.025fy 60129 11378de 8139C - 1456hij 0933 2337fgh  1576E -
T2(0%+B) 9563ef  7155fy 10683de  9.134C 1223 2112ghi  1279ij 2300fgh 1897DE 2037
3 T3(50% +B) 113%cde 7.241fy 11.098cde  9911C 2177 2560efy  1448i§f 2449%fy 2152D 36.55
cut T4(75% +B) 1416%9abc 9.038efy 13415bcd  12.207B 4998 3287cde  1908ghi  3031def 2766C 7551
Ts(100% +B) 16847a 10862cde 16591ab  14.767A 8144 4592a 2727efy  4313ab  3877A 14600
Te (100 %+0) 14.806ab  9.557¢f 16.824a 13.729AB 68.68 3682bcd 2320fgh 3918abc  3307BC  109.84
Mean 12300A  8311B 13331A 2948A 1781B  3058A
T1(0%+0) 37.854f 25184h  29063gh  30.700F - 6.024ij 3998m  468lim  4.901F -
T2(0%+B) 4016lef 319119 30024g  34.032E 1085 6906hi 5746k  4.992k 5.881E 20.00
T3(50% +B) 42783de  36.310f 316799  36.926D 20.28 7992fy 683%hi 5451kl 6.759D 3792
Total T4(75%+B) 50545c 43813de  38166f  44.175C 4389 10198c 9017de  7.329gh  8848C 8054
Ts(100%+B) 59.362a 52017bc  43474de  51618A 68.14 14121a 12225 9922cd  12089A 14667
Te (100 %+0) 55269  46.058d  4033%ef  47.220B 5381 123150 10195¢c  8318ef  10276B 10967
Mean 47663A 39216B  35457/C 9593A 8003B 6.782B

0, 50, 75 and 100 % of recommended mineral N fertilizer (RMNF),

The interaction between the two tested factors was
found to be significant for each of fresh and dry forage
yields at three cuts and their totals in both seasons.
Application of 100 % RMNF combined with grain
inoculation of cerealin biofertilizer (Ts) produced the
maximum significant values of fresh and dry forage yields/
fed by millet at 1% cut (21.731 and 4.354 ton), sudan grass at
2" cut (19.396 and 4.466 ton), teosinte at 3 cut (14.153 and
4.262 ton) and millet at total of three cuts (52.906 and
11.832 ton), respectively, as an average of the two seasons
compared to the other N fertilization treatments. The
variation among the three tested forage crops in their forage
productivity/ fed during the three cuts, from cut to another,
may be attributed to the diversity in their growth habit and
development rate of plant organs along their growth stages
as previously discussed in Tables 3 and 4. Nevertheless, it
can be observed that the plants fertilized with 100 % RMNF
separately (Te) insignificantly outyielded those fertilized
with 75 % RMNF in combination with cerealin biofertilizer
inoculation (T4), for each tested forage crop, mostly, at the
three cuts and their total in both seasons. This indicated the
importance role of addition N biofertilization combined with
N mineral fertilization at a medium N level, i.e. 75 % RMNF
(T4) for promising the total forage productivity of the tested
forage crops and equal approximately with that obtained by
the single application of N mineral fertilization at
recommended level, i.e. 100 % RMNF (Té).

For the seasonal changes of the two growing
seasons, as an overall means of the three tested forage crops

B: grain inoculation with N biofertilizer (cerealin)

and six fertilization treatments, it can be noticed that, the
total fresh and dry forage yields/ fed recorded 34.035 and
6.382 ton/ fed in the first season ,while 40.778 and 8.126
ton/ fed in the second season, respectively. This means that
the values obtained from the 1% season were inferior to that
obtained from the 2" season. The reduction in the forage
productivity occurred at the 1% season may be owing to the
increase in the values of PH, EC and soluble cations and
anions as well as the decrease in N, P and K available in the
experimental soil at the 1% season compared to the 2 one as
shown in Table 1. Therefore, such soil chemical properties
may be caused a harmful effect in most growth characters
and dry matter accumulation/ plant, as previously discussed,
and consequently decreased the forage productivity at the 1%
season compared to the 2" one.

4- Forage quality:

Forage quality characters, i.e. crude protein % (CP
%), total carbohydrates % (TC %) and digestible crude
protein % (DCP %) in whole plant (stem and leaves) in the
three summer forage crops as affected by N mineral and
biofertilization treatments at three cuts during two seasons
are presented in Table 6.

There are significant variation among the three
forage crops for CP % and DCP % at 1% and 2™ cuts in both
seasons, regardless of the N fertilization treatments.
However, there are no significant differences among the
three tested forage crops in such traits at 3 cut in both
seasons. Moreover, it can be noticed that teosinte plants had
the highest values of CP % and DCP % (10.28 and 6.31 %)
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in the first season and (11.16 and 7.16 %) in the second
season, as an average of the three cuts followed by millet
and sudan grass in a descending order in the three cuts at
both seasons. The superiority of CP % and DCP % in
teosinte crop obtained herein may be attributed to the
increase in its leaves dry weight/ plant as shown previously
in Table 4 and consequently led to an enhancement in its
nutritive values in most cuts, compared to the other forage
crops. On the other hand, it can be found that the differences

among the tested forage crops did not reach the significance
level for TC % at three cuts in both seasons. Nevertheless,
sudan grass plants recorded the highest values of TC %,
while teosinte plants produced the lowest one in most cases.
In this respect, other investigators found also that teosinte
forage crop was superior to millet and sudan grass crops in
CP % as reported by Hassan et al., (2022) and DCP as
recorded by by Mohamed (2024).

Table 6. Forage quality of some summer forage crops as affected by N mineral and bio fertilization at three cuts

during 2022 and 2023 seasons.

c 2022 season
Characters Fe rtill’i(;giion 1%t cut 2nd cut 31 cut
Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
T1(0%+0) 930gh 900h 9%ch 945C 87lc 870c  950hc 897C 830a 800a 92%a 85:2B
T2(0%+B) 940fth 915h 1025bf 960C  900c 900c 1015dc 938BC 850a 825a 950a 875B
Crude T3(50%+B) 950eh 925h 1050bad 975C  930c 910c 1020dc 953BC 900a 8%0a 960a 903B
protein % T4(75% +B) 103%e 963¢th 1075bc 1026B 1002dc 930c 1030dc 987BC  910a 875a 9752 920B
(CP %) Ts(100%+B) 1200a 10200g 1207a 1142A 11254 9%dx 1139a  1086A 1080a 98a 1045a 1037A
Te (100 %+0) 1085hc 1000ch 1100b 1062B 1035dhc 950bc 1045dc 1010AB  930a 88a 9%a 935AB
Mean 1024A 955B  1076A 977/AB  926B 1034A 917AB 870B 974A
T1(0%+0) 753la 7642a 744la T753BA T7BS0a 7673a T7A72a  TBEA  T624a Tr2da  Th3ha  T62TA
T.(0%+B) 744la 7552a 735la 7448A T7A53a 7h8a 7382a 7AT2A  7573a T7634a 7443a TBE0A
Carbohyd ratesT3 (50%+B) 735la 746la 7260a 7358A 7362a 7492a 7302a 7386A T7474a 7523a 7353a TAR0A
% T4(75%+B) 726la 737la 7070a 7267A T7272a 7402a 720la T2RA 7383a 7453a 7263a T7367A
Ts(100%+B) 7170a 718a 7070a 7107A 708la 7232a 708la 7131A 7202a 7273a 7093a T71A
Te(100 %+0) 7190a 7211a 7070a 7157A 7210a 72%Ra 710la 7200A 7293a 7363a 7l72a T7276A
Mean 7308A TAQBA  T22TA T32LA  T446A  T257A TA25A TABA  T310A
T1(0%+0) 538ch 518h 60lch 552C 48lc  480c  557hc 506C 442a 413a 533a 463B
T2(0%+B) 547gh 523h 62be 566C 508c 509c  61%hc 545BC  46la 437a 557a 48B
Digestible Ts(50%+B) 557eh 533h 653%cd 581C 538c 518c 624adc 560BC 500a 46la b66a 512B
crude protein T«(75%+B) 6420e 569h 677bc  62B 606ahc 538c 633hc 5PBC  518a 485a 580a 528B
(DCP %) Ts(100%+B) 797a 624byg 803a 741A 725ab 600dc 738a 687A 682a 5%0a 648a  640A
Te(100%+0) 686bc 605ch  70lb  664B 63dc 557hc 648&kc 6J4AB  537a 4%a 5%a 542AB
Mean 628A 562B 6.78A 582AB 533B 636A 525AB 480B 580A
0,50, 75 and 100 % of recommended mineral N fertilizer (RMNF),  B: grain inoculation with N biofertilizer (cerealin)
Table 6. continued.
Crops 2023 season
Characters 1%t cut 2nd cut 31 cut
Fertilization Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean Millet Sudan Teosinte Mean
T1(0%+0) 986be 940e 1102ae 1009A 939def 850f 1092a-d 960B 864a 7.82a 1000a 882A
T2(0%+B) 99ae 958de 1113ae 1022A 946def 868ef 11.13a-d 976 AB 887a 804a 1025a 905A
Crude T3(50% + B) 1000a-e 9.75cde 1150a-d 1042A 9.75b-f 9.25def 11.25a-d 1009AB 9.00a 825a 1040a 9.22A
protein% T4(75%+B) 11.00a-e 992a¢ 1175abc 1089A 1050ae 950cf 1150abc 1050AB 950a 850a 1050a 950A
(CP %) T5(100%+B) 11.24a¢ 10.14a¢ 1196a 1111A 1069ad 994af 1186a 1083A 1013a 897a 1113a 1008A
Ts(100%+0) 11252 996ae 1184ab 1102A 1063ae 949cf 1165ab 1059AB 991a 875a 11.08a 99R2A
Mean 1055AB 9.79B 1153A 1007B 923B 1139A 934A 839A 1056A
T1(0%+0) 7566a 7654a 7466a 7562A 7650a 7755a 7556a 7654A 7752a 7897a 7696a T7781A
T2(0%+B) 746la 7556a 7345a 7454A 760la 7683a 7554a T7613A 7697a 7753a 7549a T76.67AB
Carbohydrates T3 (50 % + B) 73.76a 7446a 7295a 7372A 7558a 7550a 7358a 7489A 7553a 7688a 749%a T7579A
% T4(75%+B) 7259a 7397a 7158a 7271A 7444a TA52a 7256a 7384A 7478a T7h44a 735la TAB8A
Ts(100%+B) 7061a 716la 706a 7094A 7143a 7270a 70.78a 7164A 7282a 7357a 7192a T277A
Te (100 %+0) 7159a 726la 705la 7157A 7279a 7376a 7144a 7267A 7350a 7474a T7242a T355A
Mean 7314A TA12A T229A 7446 A 7514A T324A 75.19A 7619A T7421A
T1(0%+0) 591be 547 702ae 614A 5d6cde 46le 693abc 567B 474a 39a 6.05a 491A
Digestible T2(0%+B) 60lae 564de 7.13ae 626A 553cde 4.78de 7.13abc 582AB 496a 417a 6.29a 514 A
crude T3(50% + B) 6.05a¢ 580cde 749ad 645A 58lbe 532cde 7.25abc 613AB 509a 437a 643a 530A
protein T4(75%+B) 70lae 597ae 7.73abc 690A 653ad 557cde 749ab 653AB 556a 46la 653a 557A
(DCP %) Ts(100%+B) 7.23a¢ 6.18ae 793a 711A 67labc 59%-e 783a 684A 617a 506a 713a 612A
Te (100 %+0) 7.24ae¢ 60lae 78la 702A 665ad 556cde 7.63ab 661AB 596a 484a 708a 596A
Mean 658AB 585B 752A 612B 531B 7.38A 541A 450A 658A

0, 50, 75 and 100 % of recommended mineral N fertilizer (RMNF),

With regard to the effect of N fertilization treatments,
the data showed that the values of CP % and DCP % were
increased with application treatments of N either as mineral
or as biofertilizer as compared with the unfertilized plants

B: grain inoculation with N biofertilizer (cerealin)

(T1). These results are fairly true in the three cuts at both
seasons. In comparison among the N fertilization treatments,
the plants fertilized with 100 % RMNF and inoculated with
biofertilizer (Ts) produced the highest values of CP % (10.88

439



Abdelaal, M. S. M. and Hend E. Habiba

and 10.67 %) and DCP % (6.89 and 6.69 %) in the first and
second season, respectively (as an average of the three cuts).
In this respect, other investigators reported also that CP % in
some summer forage crops was increased by application of
N element as mineral fertilization (Awad et al., 2014; Mut et
al., 2017 and Ziki et al., 2019) and / or as biofertilization
(Abd El-Rahman et al., 2005; lbrahim et al., 2009 and
Chahal et al., 2021). Reversely, the values of TC % took an
opposite direction with that of CP % and DCP %, where the
unfertilized plants with N element (T+) produced TC % more
than that obtained by plants fertilized by N fertilization
treatments (T2: Te) without significant differences among
them in both seasons. In this respect, other investigators
found that application of nitrogen fertilizer led to a decrease
in total carbohydrate in some forage crops such as sorghum
(Marei, 1992), millet (Buso et al., 2016) and teosinte
(Mohan et al., 2017).

The interaction effect of the two tested factors was
significant for CP % and DCP % in the 1% and 2™ cuts
during both seasons. on the otherwise, TC % was not
significantly affected by such interaction in the three cuts
during both seasons. Based on the significant interaction,
teosinte plants fertilized by 100 % RMNF and inoculated
with cerealin biofertilizer (Ts) produced the highest values of
CP % (12.07 and 11.39 %) in the first season and (11.96 and
11.86 %) in the second season, as well as DCP % (8.03 and
7.38 %) in the first season and (7.93 and 7.83 %) in the
second season at the 1% and 2" cuts respectively compared

to the other treatments. This indicates to the importance of
nitrogen fertilization for maximizing the nutritive values of
forage summer crops especially teosinte crop.

5- Correlation studies:

Simple phenotypic correlation coefficient (1)
between fresh forage yield/ fed and all traits studied herein
for each tested forage crops, overall nitrogen fertilization
treatments and cuts, during 2022 and 2023 seasons, are
presented in Table 7. The data showed that fresh forage
yield/ fed was positively and highly significant correlated
with growth characters (plant height, no. of tillers and leaves/
plant and leaves area/ plant), dry matter accumulation
(leaves, stem and total dry weights/ plant) and dry forage
yield/ fed as well as forage quality (CP % and DCP %) for
each of tested forage crops ,i.e. millet, sudan grass and
teosinte during one and / or both seasons. According to the
highest positive significant values of simple correlation
coefficient (r) in both seasons, it can be found that the fresh
forage yield/ fed recorded the highest values of r with each
of plant height (0.944 and 0.866), no. of leaves/ plant (0.895
and 0.933), leaves area/ plant (0.933 and 0.873) and dry
forage yield/ fed (0.962 and 0.961) and CP % (0.862 and
0.934) and DCP % (0.862 and 0.934) for sudan grass and
leaves dry weight/plant (0.915 and 0.936) for millet, as well
as dry matter % (0.409 and 0.700) for teosinte in the first and
second seasons, respectively.

Table 7. Simple correlation coefficient (r) between fresh forage yield/ fed and growth characters, dry matter
accumulation and forage quality for each tested forage crop (overall means of N fertilization treatments

and cuts) during 2022 and 2023 seasons.

Crops 2022 season 2023 season

Characters Millet Sudan Teosinte Millet Sudan Teosinte

Growth characters

plant height 0.940** 0.944** 0.865** 0.648** 0.866** 0.508**

No. of tillers/ plant 0.897** 0.822** 0.919** 0.824** 0.874** 0.158

No. of leaves/ plant 0.693** 0.895** 0.794** 0.804** 0.933** 0.192

Leaves area/ plant 0.745** 0.933** 0.900** 0.707** 0.873** 0.471**
Dry matter accumulation

Leaves dry weight/ plant 0.915** 0.868** 0.742** 0.936** 0.914** 0.494**

Stem dry weight/ plant 0.742** 0.823** 0.914** 0.809** 0.958** 0.512**

Total dry weight/ plant 0.912** 0.848** 0.858** 0.901** 0.960** 0.528**

Dry matter % 0.303- 0.195 0.409* 0.020 0.405* 0.700**

Dry forage yield/ fed 0.928** 0.962** 0.824** 0.823** 0.961** 0.917**

Forage quality

CP% 0.723** 0.862** 0.758** 0.931** 0.934** 0.093

TC% -0.692** -0.715** -0.871** -0.889** -0.869** -0.345

DCP % 0.723** 0.863** 0.758** 0.931** 0.934** 0.091

* =significant at probability of 0.05 % (r = 0.325) and ** = highly significant at probability of 0.01 % (r = 0.418).

From these results, it can be concluded that such
characters which having the highest r values are considered the
most effective in contributing to maximize fresh forage yield/
fed and play an important role in determining the productivity
for the abovementioned forage crops. Reversely, there are
negative and significant correlation between fresh yield/ fed and
carbohydrate % for three tested forage crops in the first season
and for millet and sudan grass in the second season. In this
concern, many investigators found significant and positive
correlation between fresh forage yield/ ha and each of plant
height, no. of tillers and leaves/ plant and protein % for sudan
grass crop (Taha et al., 2019) and with plant height and dry
forage yield/ ha for millet (Imran et al., 2010) as well as fresh
yield/ fed with each of plant height, no. and area of leaves/ plant,

dry forage yield/ fed and dry matter % for teosinte crop (Habiba
etal, 2018 a).

CONCLUSION

Finally, it can be concluded that the maximum
values of growth, dry matter accumulation, forage
productivity and quality of the tested forage crops occurred
in this study were obtained by application of 100 % RMNF
accompanied with cerealin biofertilizer inoculation (Ts).
Moreover, N biofertilizer inoculation with N mineral
fertilization at a medium N level, i.e. 75 % RMNF (T4) gave
total forage productivity equal approximately with that
obtained by the single application of N mineral fertilization
at recommended level, i.e. 100 % RMNF (Tg), indicating
that using N biofertilizer had beneficial and additive value to
N mineral fertilizer, and they are able to complement each
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other and so make better use than their using separately, for
improving the growth, dry matter accumulation, forage
productivity and quality of the tested forage crops.
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