


Figure II.8. Composition of alfalfa leaf cell walls (means 
of Spredor 2 and Tempo) as affected by maturity 
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Neutral Sugar Composition of Structural 
Polysaccharides 

Neutral sugar constituents of structural polysaccharides, 

as their alditol acetates, were rapidly (less than 10 min) 

separated and quantified by gas-liquid chromatography (Figure 

II.9). There has been some concern about solvent tailing and 

short column life associated with using pyridine on 3% SP-

2340 100/120 supelcoport packing (D. J. Nevins, Iowa State 

University, personal communication); however, neither of 

these problems proved to be serious in this laboratory. More 

than 400 samples were analyzed before column performance 

suddenly deteriorated. Repacking the first 15 cm resulted 

in like-new column performance. 

Even though precautions were taken to minimize amounts of, 

and variation in, starch concentrations of the plant material 

by sampling prior to 7:30 a.m. (Lechtenberg et al., 1971), 

starch concentrations ranged from 4.1 to 101.1 g kg~^ dry 

matter in leaves and from 2.4 to 13.6 g kg ^ dry matter in 

stems. Thus, to obtain values for glucose derived from struc­

tural polysaccharides, it was necessary to make corrections 

for glucose derived, from starch. Although this correction is 

sometimes not applied to analysis of forage structural poly­

saccharides, e.g., Lindgren et al. (1980), an analysis for 

starch should be performed before ignoring its contribution 

to the glucose values. 



Figure II.9. GLC separation of alditol acetates obtained 
from reference sugars (upper) and from a hy-
drolyzate of ethanol insoluable residue of 
alfalfa stems (lower); alditol acetates of 
peak l=rhamnose, 2=arabinose, 3=xylose, 4= 
mannose, 5=galactose, 6=glucose, 7=myo-inositol 
(internal standard) 
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Total neutral sugars liberated from the structural poly­

saccharides increased with maturation from approximately 300 

to 440 g kg"^ dry matter of alfalfa stems in both 1981 and 

1982 (Figure II.10, Tables 11.13 and 11.14). This change was 

a result of increasing concentrations of glucose from 185 to 

270 g kg~^ stem dry matter and increasing concentrations of 

nonglucose neutral sugars from 122 to 160 g kg"^ stem dry 

matter with maturation. Because the majority of plant struc­

tural polysaccharides are found in the secondary cell wall 

(Bailey^ 1973), it is understandable that concentrations of 

neutral sugars comprising the structural polysaccharides of 

alfalfa stems would increase as secondary thickening occurred 

with maturation. 

Concentrations of total neutral sugars hydrolyzed from 

structural polysaccharides of stems were similar for the dry 

1981 season and the wet 1982 season (Figure 11.10, Table 

11.13). This is consistent with research reported by Bailey 

(1971) stating that irrigation had no effect on the struc­

tural polysaccharide contents of alfalfa stems or leaves. 

Closer examination of the present data reveals that the 

structural polysaccharide composition did vary between years 

(Figure 11.10, Table 11.13). Greater glucose and lower non-

glucose sugar concentrations were associated with alfalfa 

stems grown in the dry year. Greater concentrations of total 

neutral sugars and glucose (P<0.05) were found in stems of 



Figure 11.10. Total neutral sugars, glucose, and nonglucose 
neutral sugars in structural polysaccharides 
expressed as a proportion of total dry matter 
(means of Spredor 2 and Tempo) 
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Table 11.13. Total neutral sugars, glucose, and nonglucose neutral sugars in 
stem structural polysaccharides expressed as g kg~^ stem dry weight 

Carbohydrate 
fraction Cultivar 

Weeks from early--bud stage 

Avg 
Carbohydrate 
fraction Cultivar -1 0 1 2 3 4 5 6 Avg 

1981 

Total neutral Spredor 2 294 332 343 364 393 423 424 368 
sugars Tempo 321 356 367 396 429 436 439 392 

Glucose Spredor 2 175 203 212 229 247 266 265 228 
Tempo 197 223 231 253 278 277 279 248 

Nonglucose Spredor 2 119 128 131 135 146 157 159 140 
Tempo 124 133 136 143 151 159 160 144 

1982 

Total neutral Spredor 2 285 340 363 382 405 417 424 437 382 
sugars Tempo 292 354 370 396 406 422 422 431 387 

Glucose Spredor 2 174 221 241 258 274 284 286 293 254 
Tempo 180 233 247 271 278 289 287 291 259 

Nonglucose Spredor 2 112 119 123 124 131 133 137 144 128 
sugars Tempo 112 121 123 126 128 133 135 140 127 



Table 11.14. Summary of significance of differences for several traits in 
alfalfa stems 

1981 1982 

Cultivar C.V. Cultivar C.V. 
Trait Cultivar Week X week (%) Cultivar Week X week (%) 

(g kg~^ dry weight) 

Glucose * *  * *  NS^ 3.47 + * *  NS 3.33 

Nonglucose 
sugars 

+ * *  NS 2.41 NS * *  NS 2.74 

Total neutral 
sugars (TNS) 

* *  * *  NS 2.66 + * *  NS 2.56 

(g kg"^ TNS) 

Rhamnose * *  * *  NS 4.39 *  * *  NS 5.13 

Arabinose * *  * *  NS 5.51 + * *  + 5.74 

Xylose NS * *  NS 3.74 NS * *  NS 3.19 

Mannose NS NS NS 10.01 NS NS NS 6.45 

Galactose * *  * *  NS 4.17 NS * *  NS 4.42 

Glucose * *  * *  NS 1.25 + * *  NS 1.27 

(ratio) 

Xylose/ 
arabinose 

** * *  NS 7.21 NS * *  NS 5.30 

^S = nonsignificant. 

+,*,**Significant at the 0.10, 0.05, and 0.01 levels, respectively. 
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Tempo than of Spredor 2 in 1981 but cultivar differences 

were not observed in 1982 (Tables 11.13 and 11.14). 

The concentrations of neutral sugars hydrolyzed from 

leaf structural polysaccharides changed very little with 

maturation, and differences between years were small and in­

consistent (Figure II.10, Table 11.15). Differences in 

neutral sugar, glucose, or nonglucose sugar concentrations 

between cultivars were not observed in leaves (Tables 11.15 

and 11.16). It can be seen from Figure 11.10 that, on a dry 

matter basis, concentrations of total neutral sugars and their 

glucose and nonglucose components are more than two times 

greater in alfalfa stems than leaves. 

One of the most meaningful ways to look at the structural 

polysaccharides is to express the individual neutral monomers 

as proportions of the total hydrolyzed neutral sugars. It 

is seen in Figures 11.11 and 11.12 and Tables 11.14, 11.17, 

and 11.18 that the proportions of glucose and xylose in the 

neutral polysaccharide constituents of alfalfa stems increase 

markedly with maturation, Mannose and rhamnose concentrations 

remained fairly constant with maturation and arabinose and 

galactose concentrations decreased. It is obvious from 

Figures 11.11 and 11.12 that the majority of change in neutral 

monomer composition of the structural polysaccharides took 

place before the second week post early-bud stage (approximate­

ly first-flower) but the xylose concentrations continued to 



Table 11.15. Total neutral sugars, glucose, and nonglucose neutral sugars in leaf 
structural polysaccharides expressed as g kg~^ leaf dry weight 

Carbohydrate 
fraction 

Weeks from early-bud stage 

Cultivar -1 0 1 2 3 4 5 6 Avg 

1981 

153 147 152 149 156 172 170 157 
142 145 147 140 149 160 163 149 

87 86 88 87 92 102 99 92 
81 84 84 80 87 94 96 87 

66 61 64 62 64 70 70 65 
60 61 62 60 62 66 67 63 

1982 

154 160 163 164 162 153 154 171 160 
145 156 155 158 155 155 162 168 157 

91 98 99 99 96 90 87 99 95 
86 95 93 94 91 91 94 97 93 

63 62 64 65 67 64 66 72 65 
59 61 62 64 64 64 69 71 64 

Total neutral 
sugars 

Glucose 

Nonglucose 
sugars 

Total neutral 
sugars 

Glucose 

Nonglucose 
sugars 

Spredor 2 
Tempo 

Spredor 2 
Tempo 

Spredor 2 
Tempo 

Spredor 2 
Tempo 

Spredor 2 
Tempo 

Spredor 2 
Tempo 



Table 11.16. Summary of significance of differences for several triats in 
alfalfa leaves 

1981 1982 

Cultivar C.V. Cultivar C.V. 
Trait Cultivar Week X week (%) Cultivar Week X week (%) 

(g kg~^ dry weight) 

Glucose NS^ *  *  NS 3.86 NS * *  + 2.67 

Nonglucose 
sugars NS **  NS 1.84 NS * *  NS 2.29 

Total neutral 
sugars (TNS) NS * *  NS 2.79 NS * *  *  1.90 

(g kg"l TNS) 

Rhamnose NS NS NS 3.01 NS * *  NS 3.05 

Arabinose NS * *  NS 2.46 *  * *  NS 4.30 

Xylose * * *  NS 2.94 *  * *  NS 2.42 

Mannose NS NS NS 11.83 NS *  NS 5.86 

Galactose NS * *  NS 2.66 NS NS NS 2.69 

Glucose NS *  NS 1.20 NS * *  NS 1.37 

(ratio) 

Xylose/ 
arabinose 

* *  * *  NS 4.88 *  * *  NS 6.82 

= nonsignificant. 

+,*,**Significant at the 0.10, 0.05, and 0.01 levels, respectively. 
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Figure 11.11, Monomer composition of total neutral sugars hy-
drolyzed from structural polysaccharides of al­
falfa stems (means of Spredor 2 and Tempo, 
1981) 



124 

680 

660 

GLUCOSE 

—1 
cc 
I— =3 
LU 
Z 

200 

< 180 
o 
I— 

_ XYLOSE 

1—I 

ARABI NOSE 
SO 

GALACTOSE 
60 

40 
MANNOSE 

RHAMNOSE 

- 1 0 1 2 3 4 5 6  

WEEKS FROM EARLY-BUD STAGE 

Figure 11.12, Monomer composition of total neutral sugars hy-
drolyzed from structural polysaccharides of al­
falfa stems (means of Spredor 2 and Tempo, 
1982) 



Table 11.17. Monomer composition of total neutral sugars hydrolyzed from struc­
tural polysaccharides of alfalfa stems, 1981 

Weeks from early-bud stage 

Monomer Cultivar -1 0 1 2 3 4 5 6 Avg 

g monomer per kg total neutral sugars 

Rhamnose Spredor 2 16 14 14 13 13 12 12 14 
Tempo 14 13 13 13 12 11 12 12 

Arabinose Spredor 2 95 79 78 68 61 61 60 71 
Tempo 81 65 63 59 52 53 54 61 

Xylose Spredor 2 187 197 193 201 215 217 221 204 
Tempo 190 203 206 204 211 221 217 207 

Mannose Spredor 40 39 39 38 35 40 40 38 
Tempo 39 39 37 39 35 38 40 38 

Galactose Spredor 2 68 58 58 51 48 43 42 53 
Tempo 62 53 52 47 42 41 41 48 

Glucose Spredor 2 594 613 619 628 628 628 625 619 
Tempo 614 627 629 638 648 636 636 633 



Table 11.18. Monomer composition of total neutral sugars hydrolyzed from struc­
tural polysaccharides of alfalfa stems, 1982 

Weeks from early-bud stage 

Monomer Cultivar -1 0 1 2 3 4 5 6 Avg 

g monomer per kg total neutral sugars 

Rhamnose Spredor 2 16 13 12 11 11 11 11 11 12 
Tempo 15 12 12 11 10 11 11 11 11 

Arabinose Spredor 2 94 66 57 53 50 48 48 49 58 
Tempo 86 59 55 48 48 48 48 48 55 

Xylose Spredor 2 167 175 179 174 179 178 184 186 178 
Tempo 170 175 177 172 174 175 179 185 176 

Mannose Spredor 2 44 41 42 41 41 42 43 43 42 
Tempo 43 42 42 42 40 42 43 42 42 

Galactose Spredor 2 70 56 48 46 43 40 39 39 48 
Tempo 70 53 47 44 43 40 40 38 47 

Glucose Spredor 2 608 649 662 674 676 681 676 671 662 
Tempo 616 658 668 682 685 684 680 675 669 



127 

increase with maturation. 

The proportion of glucose in the neutral polysaccharide 

constituents of leaves (Figures 11.13 and 11.14; Tables 11.19 

and 11.20) was about 10% lower than found in stems (Figures 

11.11 and 11.12; Tables 11.17 and 11.18). Leaf xylose con­

centrations were about half and arabinose concentrations two 

times those of neutral polysaccharide constituents of stems. 

Galactose, mannose, and rhamnose concentrations in neutral 

polysaccharide constituents of leaves were about 1.25, 1.3, 

and 2 times greater, respectively, than in stems. The most 

striking difference in concentrations of neutral polysaccha­

ride constituents of leaves between years was an increase in 

the proportion of glucose with maturation in 1981 and a de­

crease in 1982 (Tables 11.19 and 11.20; Figures 11.13 and 

11.14). A greater prevalence of leaf diseases in 1982 may 

have mediated this difference between years. 

It is seen in Figure 11.15 that the proportion of non-

glucose sugars in neutral polysaccharide constituents was 

always greater in leaves than stems. The proportion of non-

glucose sugars in neutral polysaccharide constituents of 

stems was greater under the drier conditions of 1981 than in 

1982, a year with more precipitation. The proportions of 

nonglucose sugars were greater in stems of Spredor 2 than 

Tempo in both years. 

An increase in the xylose:arabinose weight ratio from 
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Table 11.19. Monomer composition of total neutral sugars hydrolyzed from struc­
tural polysaccharides of alfalfa leaves, 1981 

Weeks from early-bud stage 

Monomer Cultivar -1 0 1 2 3 4 5 6 Avg 

g monomer per kg neutral sugars 

Rhamnose Spredor 2 30 31 32 32 31 30 30 31 
Tempo 31 30 32 32 32 30 32 31 

Arabinose Spredor 2 131 120 129 117 112 112 115 118 
Tempo 124 118 124 123 117 116 116 120 

Xylose Spredor 2 107 107 110 113 115 121 124 114 
Tempo 102 108 107 107 114 115 125 111 

Mannose Spredor 2 57 60 53 56 56 52 53 55 
Tempo 59 63 56 64 56 52 54 55 

Galactose Spredor 2 107 100 104 100 98 93 88 98 
Tempo 111 103 107 103 98 91 90 100 

Glucose Spredor 2 570 584 582 582 589 593 589 584 
Tempo 574 577 575 571 582 589 588 580 



Table 11.20. Monomer composition of total neutral sugars hydrolyzed from struc­
tural polysaccharides of alfalfa leaves, 1982 

Weeks from early-bud stage 

Monomer Cultivar -1 0 1 2 3 4 5 6 Avg 

g monomer per kg total neutral sugars 

Rhamnose Spredor 2 29 31 30 30 31 30 29 29 30 
Tempo 29 30 30 31 31 30 29 28 30 

Arabinose Spredor 2 119 96 96 99 109 111 122 117 109 
Tempo 121 99 105 104 112 110 118 118 111 

Xylose Spredor 2 100 98 99 102 103 102 104 110 102 
Tempo 95 100 94 100 98 101 101 107 100 

Mannose Spredor 2 59 61 66 62 62 67 66 62 63 
Tempo 58 61 66 64 64 70 68 67 65 

Galactose Spredor 2 103 100 101 103 107 106 105 105 104 
Tempo 106 103 106 107 108 103 107 lOo 105 

Glucose Spredor 2 591 614 608 604 589 585 575 578 593 
Tempo 590 608 599 595 587 586 577 580 590 



132 

C/5 
cc 
<x. 
CD 450 =3 
GO 

< 
cc 

ZD 
UJ z 
_1 m m 
o 
1— 
rH 

O) 

D1 
350 

CO 
cc c 
CD 
ZD 
CO 

LU 
CO o o 
ZD 
_J 300 
CD 
sz o 

LEAVES 1982 

LEAVES 1981 

STEMS SPREDOR 2 1981 

STEMS TEMPO 1981 

STEMS SPREDOR 2 1982 

STEMS TEMPO 1982 

I J. 1 I JL 
- 1 0  1 2  3  4  5  

WEEKS FROM EARLY-BUD STAGE 

Figure II.15. Proportion of nonglucose sugars in structural 
polysaccharides of alfalfa leaves and stems 
at different maturities 



133 

approximately 2.0 to 3.8 was observed with maturation in al­

falfa stems in both years (Figure 11.16). The lack of change 

in this ratio between early-bud and 1 week post early-bud 

in 1981 is associated with a weekly mean high temperature 

which was 4 C lower than in previous and subsequent weeks. 

This is an indication that temperature could have an effect 

on carbohydrate composition—likely through affecting the rate 

of growth or rate of maturation. In 1981, the xylose: 

arabinose weight ratio of stems was greater (P<0.01) in 

Tempo than Spredor 2 (Table 11.16). The ratio in alfalfa 

leaves was slightly less than one in both years and did not 

vary with maturity or cultivar. 

The xylose:arabinose ratio is a reflection of the degree 

of arabinose branching from the main xylose core (McNeil et 

al., 1975). Arabinoxylans of immature alfalfa stems thus have 

a greater number of arabinose branches than mature stems. 

The arabinoxylans of leaves appear to have a much greater 

degree of arabinose substitution than those of stems, based 

on their very low xylose:arabinose ratios. 

It has been reported by McNeil et al. (1975) that a lower 

degree of arabinose branching increases the propensity of 

formation of noncovalent bonds between the xylose backbone and 

cellulose. Such an association would increase the rigidity of 

cell walls as they mature. The effect of xylan-cellulose 

binding on carbohydrate degradation in the rumen has not been 
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studied. A negative relationship does exist, however, be­

tween xylan digestibility and low xylose:arabinose ratios in 

delignified and nondelignified grass. This is because 

arabinose side chains must be removed before the xylose core 

can be hydrolyzed (Brice and Morrison, 1982). 

An analysis of neutral sugars in the structural poly­

saccharides of alfalfa stems before and after i^ vitro rumen 

fermentation sheds some light on the nutritional significance 

of variation in structural polysaccharide composition (Table 

11.21). Approximately 50% of the total neutral sugars com­

prising the structural polysaccharides were degraded by rumen 

microorganisms. Great variability in degradation of the in­

dividual monomers was observed. Only 24% of the xylose, 46% 

of the mannose, and 54% of the glucose were removed by rumen 

microorganisms. Galactose, at 73%, was the most extensively, 

degraded monomer followed by arabinose, at 68%, and rhamnose, 

at 57%. These results differ from a similar analysis on 

wheat straw that showed the two major sugars, xylose and 

glucose, to be degraded to identical degrees (Aman and 

Nordkvist, 1983). 

It is interesting to note from Figures 11.11 and 11.12 

that, in alfalfa stems, two of the least digestible sugars, 

xylose and glucose, increase with maturation as a proportion 

of the total neutral polysaccharide constituents. Conversely, 

proportions of the two most extensively degraded sugars. 
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Table 11.21. Degradation of neutral polysaccharide con­
stituents of alfalfa stems by in vitro rumen 
f ermentation^ 

Polysaccharide constituent % degraded 

Total neutral sugars 

Rhamnose 

Arabinose 

Xylose 

Mannose 

Galactose 

Glucose 

^Stems from alfalfa at mid-flower. 

galactose and arabinose, decrease. 

Lindgren et al. (1980) found a similar decrease in 

galactose and arabinose as proportions of neutral polysac­

charide constituents with increasing maturity of timothy. 

They also reported a decrease in the proportion of glucose, 

in contrast to this author's findings in alfalfa stems. In 

maturing timothy, the increase in the proportion of xylose in 

the neutral polysaccharide constituents was greater than that 

observed in alfalfa stems. The ranking of sugars with respect 

to extent of degradation by rumen microorganisms was the same 

in timothy as that found in alfalfa stems. 

The reasons for differences in rumen degradation among 

49.3 

57.2 

67.8 

23.7 

46.3 

73.4 

53.7 
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the neutral sugars are not well understood. Evidence indi­

cates that carbohydrate relationships with lignin (Morrison, 

1974), phenolic acids (Hartley and Jones, 1977), acetic acid 

(Bacon et al., 1975), silica (Van Soest and Jones, 1968), and 

the relationship between the carbohydrates themselves (Brice 

and Morrison, 1982) can affect their utilization by rumen 

microorganisms. 
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SUMMARY AND CONCLUSIONS 

This experiment was conducted during two seasons to 

examine changes with maturation in chemical composition and 

IVDDM of leaves and stems of two alfalfa cultivars differing 

in growth habit. The two cultivars were Spredor 2, having 

a prostrate to semiprostrate growth habit and considerable 

stem branching, and Tempo, an upright coarse-stemmed cultivar 

with sparse stem branching. In 1981 and 1982, weekly harvests 

of first-growth alfalfa were initiated approximately a week 

prior to the early-bud stage of development and continued 

until the alfalfa reached the early-pod stage of development. 

In 1981, an early and very dry season, sampling commenced on 

30 April and ended 11 June, a period of 7 weeks. In 1982, 

a season of normal precipitation, the first of 8 weekly 

samples was taken 10 May and the last on 28 June. Because 

precipitation was distributed uniformly through the respec­

tive harvest periods, a unique opportunity was provided to 

make observations on the effects of soil moisture stress under 

field conditions. 

In both seasons, alfalfa forage had a LSWR of approximate­

ly 1.4 at 1 week before early-bud stage. The LSWR declined 

to 0.75 at the early-pod stage in the drier 1981 season and 

to 0.50 in 1982 when moisture was more abundant. In both 

seasons, 80% of the change in LSWR occurred by 1 week post 

early-bud (late-bud stage). The more prostrate Spredor 2 had 
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a greater LSWR than Tempo in 1981, but cultivar differences 

were not observed in 1982. 

Concentrations of stem IVDCM dropped from approximately 

750 to 500 g kg~^ dry matter with maturation from the vegeta­

tive to the early-pod stage in both seasons. Leaf IVDDM con­

centrations were similar for both seasons at approximately 

800 g kg ^ dry matter and changed little with maturation. 

Crude protein concentrations of stems dropped from ap­

proximately 190 to 90 g kg ^ dry matter and of leaves from 

approximately 350 to 250 g kg~^ dry matter with maturation in 

both seasons. Rates of decline in CP concentrations were 

similar for leaves and stems. Spredor 2 had slightly greater 

stem CP concentrations than Tempo in both seasons (P<0.05). 

In both seasons, concentrations of CWC, ADF, and lignin, 

as a proportion of stem dry matter, all increased with 

maturation. Concentrations of these components were greater 

in Tempo than Spredor 2 stems in 1981, but cultivar differ­

ences were not observed in 1982. Lignin and CWC, as a propor­

tion of leaf dry matter, increased with maturation, but ADF 

did not change. 

Estimates of proportions of cellulose, hemicellulose, 

and lignin were obtained from CWC, ADF, and lignin values. 

Season averages of approximately 660, 185, and 155 g kg ^ 

cell wall dry matter of cellulose, hemicellulose, and lignin, 

respectively, were found in stems. Cellulose concentrations 
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in stem cell walls declined with maturity in both seasons and 

were greater in the wet 1982 season than in the dry 1981 sea­

son. No net change with maturity in the hemicellulose con­

centrations of stem cell walls was observed; however, hemi­

cellulose concentrations were greater in 1981 than 1982. 

Lignin concentrations in stem cell walls increased with 

maturity and were similar in both years. Thus, maturation had 

an effect on cellulose and lignin but not on the hemicellulose 

concentrations of stem cell walls. Soil moisture stress 

tended to increase hemicellulose, decrease cellulose, and 

not affect the lignin concentrations of stem cell walls. 

Concentrations of cellulose in leaf cell walls decreased 

with maturity, hemicellulose increased, and lignin remained 

constant. The concentration of lignin in leaf cell walls was 

surprisingly similar to that of stem cell walls. 

An examination of the neutral sugar constituents of 

structural polysaccharides in alfalfa stems revealed an in-

crease in total neutral sugars from 300 to 450 g kg dry 

matter in both seasons. This change was mediated by increas­

ing concentrations of glucose from approximately 180 to 290 

g kg~^ dry matter and nonglucose neutral sugars from 120 to 

150 g kg~^ dry matter with maturation. Glucose and nonglucose 

neutral sugars derived from structural polysaccharides have 

been equated to cellulose and hemicellulose, respectively 

(Aman and Nordkvist, 1983). Lower concentrations of glucose 
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and higher concentrations of nonglucose sugars were found in 

the dry matter of alfalfa stems in the moisture-deficient 1981 

season than in 1982. Concentrations of total neutral sugars, 

glucose, and nonglucose sugars in alfalfa leaves changed very 

little with maturation and were about half of their respec­

tive values in stems. 

Nonglucose neutral sugars decreased as a proportion of 

the total neutral sugars in the structural polysaccharides of 

stems in both seasons. Nonglucose neutral sugars made up a 

greater proportion of the total neutral sugars of stems in the 

drier 1981 season than in 1982. The proportion of nonglucose 

sugars in the total neutral sugars was always greater in 

stems than leaves. 

When individual neutral sugars were expressed as a pro­

portion of total neutral sugars, increases in glucose and 

xylose with maturation were observed in both years. Arabinose 

and galactose concentrations decreased and concentrations of 

mannose and rhamnose remained constant. The majority of 

changes occurred by 2 weeks post early-bud stage (approximately 

first-flower) in both seasons. 

The xylose:arabinose weight ratio of stems increased 

from 2 to 3.8 with maturation, indicating a marked change in 

xylan composition. There is evidence suggesting that xylans 

with fewer arabinose side branches are more closely associ­

ated with lignin (Morrison, 1974, 1980). The xylose:arabinose 
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weight ratio of alfalfa leaves was approximately 0.9 and did 

not change with maturation. 

An analysis of alfalfa stems before and after _in vitro 

rumen fermentation revealed xylose to be the least digestible 

of the neutral polysaccharide constituents. The apparent di­

gestibilities of the six major cell wall neutral sugars were 

xylose, 28%j mannose, 46%; glucose, 54%; rhamnose, 57%; 

arabinose, 68%; and galactose, 73%. Reasons for differences 

in digestibilities of the cell wall sugars have not been elu­

cidated in this study. Other research has indicated that 

noncarbohydrate cell wall constituents can affect the degrada­

tion of cell wall carbohydrates by rumen microorganisms. 

In conclusion, these data show that a decrease in diges­

tibility of whole alfalfa plants (leaves and stems combined) 

prior to the late-bud stage can be attributed to a decreased 

proportion of leaves and a decrease in stem digestibility. 

After late-bud, decreased whole-plant digestibility is medi­

ated mainly by a decrease in stem digestibility. Changes in 

concentrations of lignin, crude protein, and structural poly­

saccharides and changes in the structural polysaccharide com­

position of alfalfa stems are associated with maturation. 

Those changes are generally less pronounced, as was the change 

in IVDEM, in leaves. Moisture stress did not affect lignin 

concentrations in the cell wall but did affect the structural 

polysaccharide composition of stems as indicated by both 
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gravimetric and GLC procedures. Differences in LSWR, stem 

composition, and stem IVDDM were sometimes observed between 

an upright and a more prostrate cultivar. Although these 

differences were small and apparently affected by soil mois­

ture stress, they do indicate the potential for genetic 

manipulation of these traits. 

The structural polysaccharide composition and degree of 

change with maturation have been characterized in alfalfa 

leaves and stems. A meaningful next step would be to more 

closely study the nutritional significance of changes in 

structural polysaccharide composition with in vivo digestion 

trials. 
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GENERAL DISCUSSION 

Alfalfa is a unique crop in that it has the potential 

to produce high yields of high quality forage, derives a por­

tion of its N through alfalfa-rhizobivun symbiotic N2 fixation, 

and provides an N benefit to subsequent crops in rotations. 

It has long been known that harvesting alfalfa at immature 

stages of growth results in its maximum nutritive value to 

ruminants. Maximum yields and stand persistence, however, 

are obtained by cutting alfalfa at approximately the mid-

flower stage of development. Information regarding the effect 

of cutting schedules on N accumulation is not abundant and not 

conclusive. 

In Part I of this study, it was demonstrated that dry 

matter yields, N concentrations, and N yields of alfalfa 

roots, crowns, and forage were affected by cutting management 

and cultivar. Accumulated 2-year forage, root (top 25 cm), 

and crown yields and N yields of these plant components were 

favored by cutting winter-dormant alfalfa each time it reached 

the mid-flower stage as compared to cutting at the bud, first-

flower, or early-pod stages. But cutting alfalfa at first-

flower has commonly been recommended because it has given good 

results with respect to forage yield, nutritive value, and 

stand persistence. In this study, a good compromise for op­

timizing yield and nutritive value (as indicated by IVDDM and 

N concentrations) was obtained by harvesting at the first-
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flower stage. Lowest levels of plow-down N (N in roots, 

crowns, and stubble) were also obtained by cutting the al­

falfa each time it reached the first-flower stage. Thus, it 

was seen that the amount of N that would potentially be in­

corporated into the soil for use by subsequent crops was af­

fected by harvest schedule. 

It was hypothesized that root and crown dry matter and 

N yields of root-proliferating cultivars would be greater 

than those of normal tap-rooted cultivars. This, however, 

was not the case. Root and crown dry matter and N yields were 

lower in Spredor 2, a root-proliferating cultivar, than in 

Travois, Vernal, or Tempo. 

Winter-dormant alfalfa accumulated 910 kg ha ^ N in the 

forage, stubble, crowns, and upper 25 cm of roots over a 2-

year period under the mid-flower cutting management. In this 

study, symbiotically fixed and soil-derived N were not differ­

entiated; however, recent Minnesota data (Heichel, 1982b) show 

that 40 to 60% of alfalfa N can be expected to be obtained 

through symbiotic fixation. Assuming that 60% or 546 kg of 

the 910 kg ha ^ was symbiotically fixed, more than 364 kg N 

would have to be returned to the soil to end up with a net 

gain of N in the soil. In the study reported here, it is 

unlikely that the 115 kg N accounted for in the stubble, 

crowns, and upper 25 cm of roots plus the N contained in un-

recovered roots and fallen leaves would total 364 kg. 
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Despite the probability that a net gain in soil N was 

not realized by plowing down the roots, crowns, and stubble 

of alfalfa produced according to any of the managements used 

in this study, rotation studies have demonstrated that an N 

benefit to the following nonlegume crop should be expected. 

A long-term rotation study reported by Voss and Shrader (1979) 

demonstrated that alfalfa meadow plowed after 2 years of pro­

duction will replace 150 kg ha ^ N fertilizer for a subsequent 

corn crop. This N benefit need not be due to added N, but 

rather could be due to a change in the availability of soil N 

to plants. Considering that much of Iowa's farmland contains 

4,000 to 8,000 kg ha ^ N tied up in organic matter in the plow 

layer, a small change in the rate of mineralization would have 

marked effects on N availability. The nature of the legume N 

benefit to nonlegumes needs further investigation. 

Nonwinter-dormant alfalfa forage yields were about half 

those obtained from the perennial winter-dormant cultivars. 

Concentrations of IVDDM were similar for nonwinter-dormant and 

winter-dormant cultivars at similar maturities. Single season 

root N yields approached those of 2-year-old winter-dormant 

alfalfa. Cutting management had neither a large nor consis­

tent effect on most of the traits measured in this study. Be­

cause of below normal precipitation during both seasons of 

this study, conditions were less than ideal for the evaluation 

of nonwinter-dormant alfalfa as an annual crop. 
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An N tally for nonwinter-dormant alfalfa averaged over 

all cutting managements shows an accumulation of 236 kg ha~^ 

N in forage, stubble, crowns, and roots. Again, assuming that 

50% of this N was symbiotically fixed, 94 kg ha~^ must be re­

turned to the soil to obtain a net N flux of 0. Very close to 

this amount of N was contained in the recovered roots, crowns, 

and stubble. 

The benefits of crop rotation can be realized by corn 

after a single year of alfalfa production (Voss and Shrader, 

1979). The advantages of using a nonwinter-dormant alfalfa 

in such short rotations are that, besides fast regrowth, they 

continue to produce forage and fix N into October. Whether 

it can be cost effective to grow alfalfa as an annual crop in 

Iowa is uncertain. Establishment costs must be amortized 

over a single year rather than several years, seasonal yields 

are half those obtained from perennial stands, and yields 

of individual harvests are relatively low, resulting 

in greater harvest costs per unit of forage. 

In Part II of this research, the effects of stem growth 

habit and maturity on several parameters of alfalfa forage 

quality were studied. As was expected, a decrease in the 

leaf;stem weight ratio was observed with increasing maturity 

in both Spredor 2, a semiprostrate cultivar, and Tempo, an 

erect-growing cultivar. Cultivar differences were not ob­
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served in a season with normal precipitation. In both seasons, 

the majority of change occurred by the early flower stage. 

Biological and chemical analyses of alfalfa leaves re­

vealed little or no effect of maturity or cultivar on their 

nutritive value other than a 30% decrease in crude protein 

concentration with maturity. As judged by these analyses, al­

falfa leaves were always of greater forage quality than stems. 

Stems decreased markedly in IVDEM concentration with ad­

vancing maturity of alfalfa from the vegetative to the first-

flower stage. This change was associated with increased con­

centrations of CWC, ADF, and lignin. Crude protein concentra­

tions steadily declined in alfalfa stems from the vegetative 

to the early-pod stage of development. In a season with 

limiting soil moisture, stems of Spredor 2 were of higher for­

age quality than stems of Tempo, as indicated by laboratory 

analyses. There were no differences in stem chemical composi­

tion between cultivars in a season with normal precipitation. 

The neutral sugar composition of the structural polysac­

charides of alfalfa stems and leaves was determined at several 

maturities. The predominant neutral sugars detected were glu­

cose, xylose, arabinose, galactose, mannose, and rhamnose. 

In stems, total neutral sugar concentrations increased 

by 50% and their monomer compositions changed with maturation 

from the vegetative to early-pod stage. Glucose and xylose 

increased, arabinose and galactose decreased, and mannose and 
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rhamnose remained constant with respect to their proportions 

of the neutral sugars. A doubling of the xylose:arabinose 

ratio was also observed with increasing maturity. 

The concentration of nonglucose sugars was greater in 

leaf than in stem structural polysaccharides. Total neutral 

sugar concentrations and monomer composition remained fairly 

constant in leaves with changing maturity. 

Analysis of the iji vitro residue of alfalfa stems re­

vealed that the neutral sugars were degraded to varying ex­

tents by rumen microorganisms. Xylose and glucose, sugars 

that increased in concentration with maturity, were among the 

most resistant sugars to degradation. Galactose and arabinose, 

sugars that decreased in concentration with advancing maturity, 

were the two most extensively degraded sugars. 

The structural polysaccharides of forages are an impor­

tant source of energy to ruminants. A better understanding of 

structural polysaccharide composition may provide new insights 

for breeding programs to increase carbohydrate availability. 

It is unlikely that the sugar composition of individual cell 

walls can be altered through breeding; however, the possibility 

exists that the sugar composition of whole plants or organs 

can be altered by selecting for various tissue types. 

Only small changes in monomer composition of the struc­

tural polysaccharides of alfalfa stems were observed after 

alfalfa reached the first-flower stage, Lignin concentrations 
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in the cell walls, however, continued to increase. An in vivo 

study of the effect of this increasing lignin concentration 

on the rate and extent of degradation of the monomers compris­

ing the structural polysaccharides would provide valuable in­

formation on the significance of cell wall composition to 

ruminant nutrition. 
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Table Al. Monthly total precipitation (Ppt) and departures 
(Dep) from normal at the Agronomy and Agricultural 
Engineering Research Center, Boone County, Iowa 

1979 1980 1981 1982 

Month Ppt Dep Ppt Dep Ppt Dep Ppt Dep 

mm' 

J anuary 29  7 0 -22 47 25 

February 8 -14 17 -5 11 -11 

March 11 -41 14 -38 75 23 

April 30 -50 47 -33 70 -11 

May 73 -41 25 -89 155 41 

June 100 -47 104 -43 67 -80 

July 103 16 51 -36 101 14 

August 126 34 137 45 147 54 

September 65 -19 38 -45 61 -22 

October 98 42 36 -20 42 -13 

November 50 21 10 -19 58 29 

December 6 -18 5 -19 19 -5 
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Table A2. Monthly mean temperatures (Avg) and departures 
(Dep) from normal at the Agronomy and Agricultural 
Engineering Research Center, Boone County, Iowa 

1979 1980 1981 1982 

Month Avg Dep Avg Dep Avg Dep Avg Dep 

January -6.2 1.1 -4.3 2.9 -13.2 -5.9 

February -6. 6 -2.1 -1.5 3.0 -6.4 -1.9 

March 0.8 -0.2 5.3 4.3 1.1 0.1 

April 10.7 1.1 13.3 3.6 7.4 -2.2 

May 17.1 1.3 15.1 -0.7 17.2 1.4 

June 20.9 0.1 22.1 1.3 18.6 -2 .3  

July 22.4 -0.7 24.8 1.7 23.4 0.3 

August 22.1 -0.2 23 .2  1.0 21.1 -1.1 

September 18.4 1.1 18.9 1.6 17.9 0.6 

October 11. 3 -0.6 9.6 -2.4 9.8 -2.1 

November 2.3 -0.6 4.4 1.5 4.8 1.9 

December -0.9 3.3 -3.6 0.7 -5.0 -0.8 



Table A3. Forage dry matter yields of alfalfa as affected by harvest schedule 
and entry, 1980 

Cutting Harvest ' 
management no. Spredor 2 Travois Vernal Tempo MnUC-Cargo UC-Cargo 

mt ha~^ 

Bud 1 1.76 1.61 2.12 1.74 0.97 0.79 
2 2.67 2.43 2.71 2.55 1.43 1.26 
3 2.25 2.44 2.57 2.64 1.67 1.67 
4 2.21 2.22 2.33 2.52 1.12 1.26 
5 0.93 1.49 1.44 1.75 — — 

First-flower 1 2.84 2.17 3.12 3.02 1.05 0.69 
2 2.98 2.89 3. 32 3.54 1.47 1.35 
3 2.17 2.33 2.48 2.68 2.18 2.23 
4 2.40 2.79 2.91 3.11 1.10 1.01 

Mid-flower 1 4.46 4.16 5.09 3.64 1.03 0.81 
2 4.72 5.18 5.51 5.02 1.66 1.44 
3 2.59 3.14 2.96 3.11 2.07 1.93 
4 1.03 1.74 1.74 1.92 0.80 0.83 

Early-pod 1 5.41 5.20 5.63 5.52 1.00 0.63 
2 3.93 4.27 4.79 4.91 1.66 1.61 
3 2.77 2.83 2.94 3.44 2.09 1.92 



Table A4. Forage dry matter yields of alfalfa as affected by harvest schedule 
and entry, 1981 

Cutting Harvest ^ 
management no. Spredor 2 Travois Vernal Tempo MriUC-Cargo UC-Cargo 

mt ha ^ 

Bud 1 3.22 3.11 3.45 3.23 0.74 0.65 
2 1.89 2.45 2.28 2.48 1.50 1.40 
3 1.51 1.82 1.74 1.88 2.22 2.04 
4 1.43 1.96 1.64 2.00 1.30 1.29 
5 0.69 1.05 0.91 1.18 — -

First-flower 1 4.58 4.53 4.75 4.54 0.52 0.55 
2 2.02 2.60 2.50 2.75 2.07 1.77 
3 1.42 2.09 1.87 2.21 1.69 1.75 
4 1.85 2.33 2.33 2.24 0.56 0.74 
5 0.20 0.73 0.63 1.33 - -

Mid-flower 1 5.01 4.93 5.37 4.97 0.51 0.41 
2 2.72 3.21 3.02 2.93 2.30 2.10 
3 2.50 3.18 3.06 3.03 1.23 1. 33 
4 1.11 1.38 1.54 1.53 - -

Early-pod 1 5.10 5.53 5.41 5.24 0.54 0.52 
2 3.68 4.29 4.24 4.63 2.58 2.62 
3 2.07 2. 38 2.46 2.96 1.08 1.38 
4 0.41 1. 34 1.17 1.66 - -



Table A5. IVDDM concentrations of alfalfa as affected by harvest schedule 
and entry, 1980 

Cutting Harvest MnUC- UC-
management no. Spredor 2 Travois Vernal Tempo Cargo Cargo 

g Kg 

Bud 1 778 768 765 755 761 755 
2 738 717 726 717 705 709 
3 714 693 686 693 695 678 
4 724 697 699 683 746 737 
5 742 711 718 701 - -

First-flower 1 715 708 698 691 761 755 
2 716 698 686 682 701 706 
3 703 673 686 661 699 699 
4 721 680 682 676 754 744 

Mid-flower 1 685 686 674 689 751 741 
2 685 646 652 649 715 712 
3 686 655 679 656 693 707 
4 751 715 729 680 770 759 

Early-pod 1 660 645 640 630 751 741 
2 659 641 638 625 679 572 
3 679 665 659 638 680 680 



Table A6. IVDEM concentrations of alfalfa as affected by harvest schedule 
and entry, 1981 

Entry 

Cutting Harvest MnUC- UC-
management no. Spredor 2 Travois Vernal Tempo Cargo Cargo 

g Kg 

Bud 1 744 717 712 704 730 732 
2 717 675 682 676 708 705 
3 739 702 714 699 665 657 
4 710 681 699 678 757 740 
5 675 640 660 634 - -

First-flower 1 706 669 666 668 730 732 
2 729 692 707 689 714 705 
3 705 677 685 666 640 644 
4 672 662 655 655 794 797 
5 624 741 734 751 - -

Mid-flower 1 648 626 615 626 730 732 
2 799 666 689 687 684 689 
3 691 654 653 670 676 674 
4 609 616 580 569 - -

Early-pod 1 614 609 607 599 732 730 
2 649 630 634 628 640 646 
3 664 630 639 628 684 685 
4 720 744 753 706 — — 



Table h i .  Nitrogen concentrations of alfalfa as affected by harvest schedule 
and entry, 1980 

Entry 

Cutting Harvest MnUC- UC-
management no. Spredor 2 Travois Vernal Tempo Cargo Cargo 

g K.g -

Bud 1 34 34 34 34 29 29 
2 38 33 37 34 35 34 
3 37 32 35 32 37 36 
4 40 36 37 35 41 39 
5 39 35 36 35 - -

First-flower 1 32 28 30 29 29 29 
2 32 28 31 28 35 34 
3 40 36 37 34 34 33 
4 37 36 33 31 40 38 

Mid-flower 1 30 29 29 30 29 29 
2 32 29 30 29 33 33 
3 38 33 35 32 34 35 
4 39 34 35 33 43 42 

Early-pod 1 27 26 26 27 29 29 
2 31 28 28 27 34 33 
3 34 32 31 30 32 32 



Table A8. Nitrogen concentrations of alfalfa as affected by harvest schedule 
and entry, 1981 

Entry 

Cutting Harvest MnUC- UC-
management no. Spredor 2 Travois Vernal Tempo Cargo Cargo 

g Kg 

Bud 1 39 37 37 37 33 32 
2 35 30 31 31 35 34 
3 43 37 39 37 33 31 
4 41 36 37 35 40 38 
5 31 26 29 28 - -

First-flower 1 39 33 35 33 32 29 
2 39 33 36 34 34 31 
3 36 32 34 33 32 32 
4 32 31 31 32 56 54 
5 34 40 41 39 - -

Mid-flower 1 26 25 24 25 31 31 
2 37 32 34 33 29 29 
3 35 31 33 33 33 32 
4 25 22 22 22 - -

Early-pod 1 24 22 23 22 35 31 
2 28 27 27 27 28 27 
3 34 29 32 30 34 33 
4 40 38 39 37 — — 


