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Abstract

As the demand for forage from traditional cropSaudi Arabia
continues to increase, there is a need to searchlternative annual
forage crops that produce high yield and quality gensume less
irrigation water. The objective of this study was ibvestigate the
effect of time of harvesting (50, 70 and 90 daymmfrsowing) on
forage production and quality of six forage soybealtivars: Cabrillo,
Cloumbus, Jubetter, Caribe, Jubetter R and Saldeul® indicated
that dry matter concentration and production haseesed as time
from sowing to harvesting increased. Sodium andgphorus contents
varied significantly between harvesting times buthaut fixed trends.
Potassium and magnesium contents decreased aprigiessed. No
significant differences occurred between harvestinges in protein,
ash or calcium content. The results also showenifgignt but very
limited differences among cultivars in dry matteoncentration.
Cultivars also varied in dry matter yield with Saltdeing the highest
(7.3 t ha) and Caribe being the lowest (5.9 tfa Cultivars did not
show significant differences in any other measupatameters.
Cultivars differed in their response to harvestiimge as indicated by
the significant interaction between harvesting tiraed -cultivar
treatments. It could be concluded that cv. Sabliésmost suitable
one for the conditions of the experimental site juaper harvesting
time would be determined through the balance betwesd and the
amount of irrigation water consumed. Thus, furtherk is needed to
investigate cultivar response to irrigation regiamel sowing time.
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| ntroduction

Currently, alfalfa Medicago sativa L.) constitute about 50% of
total forage crops produced in Saudi Arabia (Mmyigif Agriculture
and Water, 1998). It is estimated that alfalfa coms about 35000
tons of water per hectare annually (Al-Doss, 19€0rrently, there is
a great concern about having alternative foragpscto replace the
high water demanding crops. Ideally, low water conimg, winter
annuals such as forage oats, forage barley, greasapd vetches
should have great emphasis (Assaeed, 1994a; Al;083; Al-Doss
et al., 1996 and 1998). However, in cases where tresde@ge water
is available, summer annuals should also be comgideAssaeed
(1994b) evaluated some forage sorghum varietiesostMf these
varieties yielded high forage. However, very fewdsts have been
conducted on summer legume forages in Saudi Arabia.

Although soybeanGlycine max (L.) Merr.] is conventionally
grown for grain, it also grown at a limited scakasummer forage
crop for hay or silage (Miller, 1984). Despite kgiimited, research
has shown that soybean has a great potential agefdHanway and
Weber, 1971; Guptet al., 1973).

Research on management practices for forage soybealso
limited. Munoz et al. (1983) evaluated the effect of harvesting at
different maturity stages on some forage soybed#ivars and found
that dry matter yields increased and digestibildgcreased as
harvesting was delayed. Earlier, Willard (1925) cdaded that dry
matter yields were greatest during the late remtde stage. The
objective of this study was to evaluate the effestd interaction of
cultivar selection and time of harvesting on yieldd quality of
soybean forage.

M aterials and methods

The study was conducted at the Agricultural Expenmand
Research Station in Dirab, college of agricultuteing Saud
University during 1994 and 1995 growing seasongb8an cultivars:
Cabrillo, Cloumbus, Jubitter, Caribe, Jubetter R Sable were sown
in mid- and early June 1994 and 1995 respecti@ieds were sown
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in eight rows per 2 m long plots at row spacing26fcm. Seedlings
were thinned at 10 cm between plants. Superphosgd&fo BOs)
and compound fertilizers (18-18-5-1.5) were applprd sowing at
rates of 125 and 100 kg/ha, respectively. Anothesedof similar
amounts was also applied at thinning time. Plotseweigated with
treated municipal water as needed throughout tbwigg the season.
Weeds were controlled manually. The experiment arasnged as a
split plot in a randomized complete block desigthwour replicates.
Harvesting time were allocated to the main plotd anltivars were
treated as the sub-plots.

Plants were harvested 50, 70 or 90 days after gpvdm each
harvest, plots were hand- harvested by removirggaind level a 1.4
m section of the center six rows and weighed. A-§Gub-sample
was oven dried at 860C for 48 hours to determine percentage dry
matter and hence dry matter yield. The oven-driegtenal was
ground to pass 1 mm screen in a Thomas-Wiley noitl dse in
chemical analysis. Kjeldahl N content was deterghinging the
micro-kjeldhal procedure of Bremner and Breitenbér$83). Crude
protein (CP) was then calculated by multiplying #jeldahl N by
6.25. In vitro digestible dry matter (IVDMD) was tdemined by the
procedure of Tilley and Terry (1963). Phosphoruss wiatermined
colorimetrically by the ascorbic acid method (Mwphnd Riley
1962). Potassium was measured against a standagl ais propane
flame photometer (Chapman and Pratt 1961). Sodaaitjum and
magnesium were measured using Perkin-Elmer atorgorption
spectrophotometer, Model 2380. Statistical analygse performed
using SAS computer package (SAS 1988) with leaghifstant
differences for mean comparison (Steel and To®RO)L

Results and discussion

Significant differences were observed betweeneyears in NaR

< 0.01) and PR < 0.05). Although these differences were minog, th
values of the two minerals were higher in the sdcgear (Table 1).
The rest of the evaluated parameters were notfiignily different
between the two years.



Table 1. Effect of season, harvesting time and cultivar on yield and
quality of forage soybean

DM Yield IVDMD CP Ash Na K Ca Mg P
) (tha) (%) ) ) %) ) %) %) %)

Season

1994 2167 672 7250 17.61 1187 0032 1708 2267 0.616 0.297
1995 2154 638 73.02 20.01 1271 0.039 1.867 2268 0.561 0.339

LSDges NS NS NS NS NS 00033 NS NS NS 0.0334

Harvesting Time (Days from sowing)
50days 19.89 320 7511 1893 1248 0.040 1.902 2323 0.644 0327

T0days 2092 6.61 7141 1921 1219 0024 1861 2.200 0.573 0.333
90 days 24.02  9.60 71.77 1830 1221 0.045 1.600 2.260 0.549 0.296

LSDggs 0.848 0599 0795 NS NS 00136 0.1207 NS 0.065 0.0316

Cultivars

Cabrillo 21.10 673 7199 12.50 12.58 0.035 1.825 2241 0.563 0.351
Cloumbus20.83  6.64 73.00 19.33 1247 0034 1856 2.263 0.605 0346
Jubetter 2258 6.44 7338 19.04 1197 0.038 1728 2228 0.569 0275
Caribe 2177 589 7271 1874 1213 0.038 1.866 2380 0.556 0.308
Jubetter R21.73 624  72.67 1878 12.06 0.036 1.733 2285 0.667 0.307
Sable  21.64 734 7282 1847 1253 0.034 1.717 2207 0.570 0.323

LSDggs 0851 0597 NS NS NS NS NS NS NS NS




Time of harvesting had significant effects on patage dry
matter, dry matter yield, K, IVDMDR < 0.01), Na, Mg and P content
(P < 0.05). Total ash, Ca and CP were not affectedtitmg of
harvesting (Table 1). Dry matter percentage irsgdafrom about
20% to 24% when harvesting was delayed from 500t@d&ys from
sowing. Similarly, dry matter yield increased fr@&?2 to 9.6 t. hdas
harvesting was delayed. These results are in agmenvith the
findings of Munozet al. (1983) and Hintzet al. (1992). IVDMD
decreased from 75% at the earliest harvesting tinadout 72% when
harvesting was delayed to 70 days from sowing teemained stable
for 20 days later. These values are higher thag2Be figure found by
Munoz et al. (1983) at the pod filling stage. Contrary to feswf
Hammondet al. (1951) and Hanway and Weber (1971), who found
that K accumulation followed a similar pattern bat of dry matter,
the present study indicates that K decreased as pirogressed. Na
and P also changed significantly with time of hatvéwvithout any
obvious trend, Table 1), but their highest perogegawere attained
when plants were harvested after 50 days from spwin

When averaged over years and harvests, soybeaivacsilt
differed significantly in dry matter percentage € 0.05) and dry
matter yield. Differences in dry matter concentiatamong cultivars
were minor with Jubetter having the highest val@2e.§%) and
Cloumbus being the lowest in dry matter content824). The variety
Sable yielded the highest forage dry matter (7h@) while Caribe
had the lowest dry matter yield (5. 9 tfhauggesting that yield in this
study was not related to dry matter concentratidable 1). No
significant differences were observed among culéiva any studied
parameter of forage quality. Hanway and Weber (1@Fo found no
differences in N, P and K accumulation among esgiybean varieties.

Statistically significant interaction occurred beem the effects
of harvesting time and cultivars on dry mattergiahd digestibility P
< 0.01). Although Caribe had relatively higher gi€B.4 t hd) when
harvested 50 days from sowing, it yielded the lemgtmatter (8.3 t
ha) 90 days after sowing (Table 2). Meanwhile, 8di®d low yield
(2.9 t hd) at the beginning but yielded the highest (11t&t) when
harvested 90 days after sowing. These diffeiennepattern of dry
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Table 2. Yield and IVDMD of forage soybean as atéec by
harvesting time and cultivar interaction

50 days 70 days 90 days
Cultivar Yield IVDMD  Yield IVDMD  Yidd  IVDMD
(tha) (%) (tha) (%) (tha) (%)
Cabrillo 2.668 75.22 7.763 72.50 9.771 72.44

Cloumbus 3.439 77.31 6.301 74.06 10.171 72.30

Jubetter 3.823 76.06 6.285 73.05 9.206 73.53

Caribe 3.411 74.38 5.991 70.80 8.265 71.50

Jubetter R 2.855 74.68 5.935 69.86 9.888 72.73

Sable 2.954 76.07 7.394 72.12 11.666 71.87

LSD ¢ o5 for yield = 8.6126
LSD ¢ 95 for INDMD = 1.9460

matter accumulation are a reflection of differenicesultivar maturity
groups and possibly growth habit. Sable is the ahdyerminant
among the tested cultivars. It showed an incre&se3ot ha' in dry
matter production at the last 20 days in compartso8.27 t h& in
Caribe, the least yielding cultivar. INDMD declinad harvesting was
delayed from 50 to 70 days from sowing in all adts ranging from
2.7% in Cabrillo to 4.8% in Jubetter R (Table 2pw¢ver, 20 days
later, cultivars behaved differently. INDMD remagheelatively stable
in Cabrillo, Jubetter, Caribe and Sable while mtoaued to decline in
Cloumbus and improved in Jubetter R. Late matuculjvars were
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found to have greater yield but lower quality (Hiet al. 1992). In

this study, there were some significant differeroetsveen cultivars in
dry matter production and no significant differendetween them in
INDMD; but the two parameters were significantifeated by the
interaction between harvesting time and cultiv8is. the suitability of
any of the tested cultivars to Dirab conditions|w# determined by
the dry matter production, time of harvesting afsmwing and

INDMD percentage. The highest yielding cultivar hwithe highest
INDMD percentage at a particular time may be thearsuitable one
for Dirab conditions.

Forage soybean would likely be as good, or perlsaperior,
both in yield and quality to alfalfa, the convemtb forage crop in
Saudi Arabia. It is inferred from results given BlyHag et al. (1989)
and Tag EI-Din and Assaeed (1995) that local viaseof alfalfa
produced 9.79 t. aand 11.96 t Harespectively, in summer which is
similar to that produced by the cultivar Sablehis tstudy for the same
period. Further research is needed to determineetteet of some
cultural practices, particularly planting dates amigjation regime on
yield and quality of forage soybean.
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