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Maximum wheat (TrltlcÙID aestiyum L.) y~elds in Zambla vere 
. 

~btained with weekly irrigation at 85\ of class A pan evapor.tion 

during the ~hole irrigation interv~l and~split application of urea N 

of which the initiai portion of the fertillzer was eith~Jt broadcaat 
of' • 1 

. an~ incorporated or broadca!\.t after t'h,e crot> )had 'estabr~~hed lueÎf. 

tpis corresponded vith maximum utilïzation of fertilizer N. The 

proportion of N derived from fertilizer vas.independent of fertllizer 
< 

placement at various water regimes and N utilization was prima;i1y a 
, . 

function of vâter availibility. 

'Tvo nonnodulating soybean (Glycine mAX L.) cultivars, Clark RJl 
\ 

and N77, or in their absenee Pearl millet tPanicum Slaucum L.) vere 
(~ ,,' CI 

. . . 
,judged to be appropriate refe'rence crops for esti~ting N2 fixation by '1 

koybeans using 15N isotope dilution techniques. A 10~ aoybean 

- cultivar, Hagoye, vas rated highest among thr~e cUlti\ara tested for . . 

lts ability to support N2 fixation by IradythizObtum japoD1cum and , 

contributed biorbgically fixed N2 to a subséquent vheat crop. 
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UJ'IClCI'l'É Dt trrILIZATIOB D' EAU ET D' AZO'l'B pa LE BLÉ !;or ~_ 

LÉGUlolIEUSES D ZAHBIE 

·De. rendement. maximaux de 'blé (Ttiticum aestiyum L.) ont été 
. 

réalisés aVl!c une irrigatlo~ par semaine à 8S' du taux d'évaporation 
'/ . " , d'un bac de classe A et avec une application fractionnee d'uree dont la 

ftaction initia~e était semée soit à la volée .,et incorporée par la ' 
.' 

i .., . , , bi su te, loit uniquement a la volee apres eta 1 saement. 
• • 1 ~ • 

Ceci correspond 
, • 0 

à une utilisation maximale d'engrais azoté et~la'pr~pOrtion d'azote 
,. ',- " . 

') 1 , ." 

provenant de celui-ci etait independanté de son épandage sous 
4 , 

c' 

.d'ii;f~re~ts régime\'dli}:'r~gat:[on. L'utilisation de-l'azote était . , 

princip~lement 'une fqnction de la disponibilité de ~'eau. 
... 1, -

On a juge deux cultivats de soya (Glycine max L.) sans aodules, 
• .<.~, • <!; "'-

Clark 'Vi" et N77, ou, en teur absence, .le millet perl~ (Panicum glaucUJ!) 
- , ~ , 

L.) comme les meilleures plantes de reference dans l'evaluation de la 
) . 

;' ,'" ~ . 
'Quantite d'a~Qte fixee par le ~~a utilisant la techrtique de dilution de 

. ~ .. "V . ~ J 

l'isotope 15N. Un cultivar local de soya, Magoye, a ét~ le plus habile 
. '" ~ . 

de,trois cultivars testés à/supporter la fixation d'azote par' 
o " . 

Brodyrhhobi_ japonicum et a fourni à une culture subséq~ente de blé de f?

l'.z~t~ fixé biologiquement •. 

\ 

~ 

# 
-H-

. . 
o 

, . 

" 

:/ 



'·0 
l 

,1_ 

" b 

j. .. 

\. 

) l' t 1 

1 .. 
, 

~ --) " 
! il. 

.1 '. 0 

, 1 'c. 

, .. C , . 
~ 

Il l. .1 

0 -. \. 
'''''--, \ 

• 
~ 

"" 
-ii~- ,~. , . . ' . .. 

'" 
' . , , 



-. 
" 

. -

C 
0 

.~ 

- . 

. . 

( 

", ... 

" 

c· 

If 

- '. 

t 

~. . ~ . 

, 
Ac~1.41~ta . .,.., 

\ 

... 

• 

, ft 

The author viahe. to IxPre •• hi. gratitudes to Prof6 •• ora A.l. , 'b .. ..... (j ., 

\' 

,~ 
" 

. ,. "\ " Il 
Hac~lnzie and I.P. O'Hall-oran and.especially' to·Dr. Il.E. bramanos for his 

1 ~ ( ~ 

l" 

t> • 

'_ a •• lItance in planning the fProject; for his ~relenting as.istance. and 
, 

encouragement during the research; bJ-s guidance in '''''ng t'he' thesis lnd 
r ' ' • . 

his patience in reviewing it. The author a1so wishes to express his thanks 
, , 

to Dr. Y. Barrada and J.O. Legg for tbe ir au i.s tance in planning part of -. 
the project. The he1pful.discussions with Dr. H.H. Jafu:en and 'B..M.N. Kucey 

~ 

are gratefully aclalow;Ledged. 
, 

To the Government of' the Republic of Zambià for granting me study 

, . 
" . 

~ . 
",.J> ' " 

V· " 

. 
l;.eave and support of' the research ~ 

.. • q' 

> , 

- To ,the International Atomc Energt .. AgfCY for granting th~ SChOl~t:Ship 

and .upport of the research. The finan~ assistance of the Nat~ral:. 
~ .)' • -j 

Sciences and Engineering Researeh Couneil of Canada in the last phase rOf, 

~' 

. , 
. ~ . 

the rese8.rch 18 gratefu~ly ac:.knowledge,d. Finally t:be autnor wiahes to .. 
. ~. thank Mts. Kralé for her assistance in typing the manuscrip~. 

" 
\ 

\ ... 
ol . ' 

" 

1 

. 
-iv- • 

• '1' 

,Ii. . 

, 



d' 

. 
" 

p 

, 
\ 

- ,\ 
'lABLI or 00I!ttD'i1t~, 

, ' " , . 
• - : bU:' '. 

, FOawAlU> "". '. 
\ .. .." ~ .. '" 

1.' , ,INTltODOOTION 
,,' 

. . ~. .' . 
o ' 

, , . . ... . , . , 

. " - . 

..... Il • 

."t • 

. , .. .. . ' .. 
. ~ . , 

, ... . . . . . .. -- . .. 1" .. '. -~ ~ , .;; ~ .. 2. ~~IT~~ aE~I~,-c 
7 ~ ... \~ 

" . . . 
, . 

" 

: 

r 

.\ 

2.1 lla,ter: U,ae . . " , .. . . 

~ 

0 

". 

. . 
2.1.1 . . . 

E8t;1mat~~g ~vap~~.r~n~p,lratJon • 

.. 2 • 1 :'2 . l, Penman' method .. 
, 2.'1.2'.2 Combination method .' 

\. , 
2.1.3 
. 
2.1.4 

2.1.5 

2-: 1. 2.3 Class' A-pan ... -ro __ 
1 

rlant,vater uptake 

• ~eqU,ired amo~t of i~~ water 

2.1.4.1. Supply requ1rements . . . . 
2.1. 4.2 Irrigation application interval 
2 . 1.4.3 Irrigation supply schedules . . 

, ~ 

Effect8 of s'oil moirs ture on growth of whe&.t 

\ 

. 
r 

. .' 

2\1.5,.1 Critical stages ...... : 
2.1.5.2 Vster use eff1ciency . . . . 

Yield-protein relationships in .t:at grain .a 
affected by nitrogen and 'water 

r 2.2 Effielency of Pe;tilizer N .~ . . . . . 
2 .2.1 Loss.es of N 

2.2.1.1 loBs' of N lthr~ùgh volat1l1zation 
2.2.1.1.1 ltffeet of NH4 + coneent.ration . . . 

\ D 2.2.1.1.2 Effeet of organ1e reliduea- '. 
- 2. 2 .1. 2 aeduc1ng 10,saea • • : . . . . . . . . . 

" 

2.2.1.3 Losa of N through denitrifieation. . ~. 

, 

• 

,2.2.1.3.1 Effaet .of organte matter ..... 
2.&2.1.3.2 'Effect\ of pH .•. . . . . . 

, ~ .,,2 • 1.3.3 Effec t of temperature . . . . 
<1 2.2.1.4 Gaseou. nitrogen loues from 80il., 

through n1t;s:-tte Teae~lon 

.--.... 

- .-

• . , 
... 

1 " 

2 

' .. 

14 
15 
16 . 

18 

20 

22.' 
'0 ) 

23: 
24 

25 

26 -
27 

33 

33' 

34, 

(34 ' 
36 

.37. 
38 
)8 
40 
40 
41 

41 

l ' 

, .' 

, '. 

J< 
~. " .. 

, . ~:' 
" 

, .... 

" 

, . 
\}-

~ 



} J \ 

"C ' .J., t - , 

1 • l""" 
'1 

, < 

.- \ , ' . 

1. 

( 
l, 

.. . 

. ' 

, 

, ' 

~~,~--~--~---
!-----.., 

v 

t 

• >, ) . 

r 

. , . 
2.2.1.5-
2.2.1.6 
2.2.1. 7 

hu . 
43 
44 

2.2',1. 8 
2.2.1.9 

Lo~à of N. ~\rough ch'Dlodentrlfication 
Fixation of N by organ:l.c matter.l'-' .• 
Importance ~f nit1:'1te re.c.t~on. in 
nitrogen 10 .. e. from aoi1l • . . . 44 

45 
,- 45. 

Lo .. of N through plant canopy 
Le'.ching ~olle. . . 

2 .2.~ 

2.~3 

, r 

N uptake '. 

Kethoda of improving 

, 
.~. 

N efficiency 

2.2.4 Kethodr of l5N as.ay 

, 2.2.4. l 15N terminology 

. . . 

2.2.4.2 Use of isotope derived criteria 

2.3 Ut 1Hza t ion of Re~ idual Nitrogen . . . . 

2.4 Ni~~o~en Derived from Nitrogjf1'ixation 

2, 4 ~1 Amount of n1 .. trogen fixed . . . , . .: 

... 
.9 

.. 

2.4.2 Use of~15~ in biologieal dinitrogen fixation 
, 

2.4,3 Estimation of biologieal dinitrogen filtat.n (BNF)' 
, , 

INFLUEt~CE OF IRRIGATION SCHEDULES AND NITROGEN 
PLACEMENT ON ~EAT ,."., 

3.1 Introduçtion " . 
" 

3.2 Hatefials and ~thods 

~ , 2.1 F~rst year atudy (1982) 

3.2.2 Second year atudy (1983) 

~. , ',. 

3.2.3 Third year study (1984) 
--

3.3 aesults and D:l.acussion 

3 .3.1 Effect of Irrigation 
41 ... 

3.3.2 Effect of N rate and _method pf placemént 

. 3.4 

3.3.3 Interaction of irrigation, N raU anel 
met~od Of N placement 

Conclusions .. . . . . 
1 

-vi .. 

-J, 

. . ~ . 

..... 

.. -.. .. . . 

.\ 

) 

47 

49 

50 

52 

S5 

57 

58 
, 

59 

63 

• 63 

64 

64 

66 

68 

69 

69 

11 

71 

80 



, 

1 

1 
1 

1 

/ ~ 

/ 

.. 

0 
, 

• 

J 

1 

1 

• 

, , 
,.' ( . /. 

. '. · /. 
4. •• EFFECT OF"I1UlIqATIO~ $CREDULES' AN1) DODIES ON VIDA' YIILD 

. 5. 

• 4.1 Introduction · as . . . . . . .. . . , . · · · · · • • · ,. , , . 
4.2 Hateriala and Hethoda • 86 . . . . . · · • · · · • · · 
4.3 Resulta and Discussion ~ . 87 · · · · · . · • .. 

UTILIz!TlqN OP 15N-lJREA iER'lILIZER BY IRilIOATED WHEAT 
IN ZAHBIA • • " • ." • • •• :.. t •• 100 

5.1 
\ 

Introduction 

5. 2 Hat~rials and He~hods 
, 

5.3 

5.4 

Resu~tsCDiscuss~on 

Conclus ns ;',... -: . 

. . 

, ~4!J' .' • • 1/ • .... . . 

. · 

102 

106 

'. 11S 

"6 . 'NITROGEN· FIXATION BY SOYBEANS (Olyci,n, mH) IN ZAHBIK <. • • • ~ U8' 

6.1 Introduc tion · · · · · " . .- ....... , .. 118 

"" 
. 

6.2 'Materials .and 'Methods ( , . '-. 119 

6.3 Results and Discussion · · · · . . . . . ~ . · . 125 . 
6.4. Conclusions · .(. · · · · · .' . . . . . 140 

7. WHEAT YIELDS IN HAIZE~WHEAT' AND SOYBEAN-WEAT ROTATIONS 143 

7.1 Introduction" · · · · \ · · · · · · 143 

7.2 Haterials and 'Methode .. · • · · · · · . · · · • 144 
. . · •• 7.3 Results and DiscussiOn .. · · · . · · · • . 147 

8. S~Y AND, CONCLUSIQNS · · · · · · · · • · , 163 
. 

.REFERENCES • · · · · · · . • . · · , · · · , " 169 

[ 

• -vii-
\ 

r c_ 



.. 

'. 
( 

, 

. ' 

( 

" 

• 

tabl. 

3.1 

3.2 

3.3 

,.: 

• 
# • 

, ~ 

Nitro,a, fartilizar program for tha i982 exper~ent '~. 

Nitrogen fertilizatlon program for the 1983 e~eriment ). 

F values a .. ociated vith the effects of irrigation -1 , 

schedule. method of nitrogen application and/or placeme " 
nitrdgan rates and their interaction on the grain yield 
of Vheat grovnlat Naga, Zambia . .. . . . . •. •. 

-
3.4 Bénefit of split application of nitrogen fertilizer 

pla~~ent methods on the basi» of irrigation s~hedule 
and nitrogen rate in 1~83 \ 1 • • • • • • • • •• • 

3. 5 ~ Effect of' nitrogeTl: rate and placement on tbe grain yielci 
of wheat under various irrigation regimes in 1983 

3.6 

4.3 

, .... 4 

5.1 

5.2 

.. 5.3 

" Benefit of split application on the basis of nitrogen 
fertilizer placement methods and nitrogen rate in 1984 . . 

o 

Dates of sowing, . irrigation and harvesting. . 

1elationahip bet~een a~pl~ed ir»igation and deptb of 
irrigation in 1982 ~ 31- . . • . • . • • ; . • • • • • • • 
Yie1d of irrigated ~beat Hg ha-1 (Aeppli. 1977) 

. 
Apparent vater use of .vheat in different irrigation__ ~ 
treatmenta 'u • • • • • • • • ';' oh-...' 

" 
Nitrogen ferti1izer ~ogram for th~ 1982 experiment 

Nitrogen fertilize~ program for the 1983 experiment 

Rffect of irrigation schedule and method of urea 
application on DM yie14-of wheat grarn and straw 
in the 1982 experiment . '.' .. .. 

... 

5.4" Effec~ of irr~ation schedule and method of urea· , 
aPRlication ana placement on DH y1eld of wheat grain 
and strav in the 1983 experiment ......• 

1 

5.5 Effece of'irrigation schedule and method of urea 
( .J application on total uptake into the grain and straw 

and , Ndff in the grain of wheat in the 1982 experiment 

.. 

• 65 

67 

78 

\ 
83 

.88 

• 

93 ' • . 
97 

98 . 

104 

105 

107 -
1 

108 

1'10 

\j' 

.. 

.. 

, , 



.. 

~?Ïh 1 

V 

-, 

,,-----_. ' 

" '5.6 

5.7 

5.8 

6.1 

6.2 

-6.3 

6.4 

6.5 

1 

6.6 

6.7 

'6.8 

6.9 

, 
Effect of irrigation .chedul. and .eth~d of ur.a 
application and placement on total.uptate lnto tHe 
grain'and Itrav and \-Ndff 1n the srain of wb.at in 
tbe 1983 esperiment' _.,." .. " .... ;~ 

1 

:, 

Eff.ct of irrigation sçhedule and m •. thod of urea 
application on fertilizer uptake and~\ utilisation by 
wheat grain and strav in the 1982 experiment • . • .. 

$(fect of irrigation aelledule and method of urea 
li~ation ând placement on fertilizer uptate and 

~~ tilization by ~beat grain and Itra. in the 198~ 
exper1m.ent ,.. l' • • •• •••• • • • • • 

Compon.nts of the experiment for selection of non· 
'nodulating soybean cultivars aa reference crop. by 15N 
isotope dilution and of fixing cultivars selacted for thair 
abil4:Y to ..:'support N~ fixation by Jo japonicum 0 • 0 • 0 0 

~ ____ .J~ 

~Growth'stages of soybean (Glycine mAX) at whlch.harvestl 
vere "'takên . . ... .. ..... 

Dry matter yield of soybeans and nonnodulatlng control 
plants at the four harvest timea o' 0 • 0 • 0 0 . '. 

Nitrogen yields of soyb~ans and nonnodulat~g control 
. plan.t~ a~ four barve~t tlmes . . . 0 ••• , • 0 • • 0 0 • 

~tom \. 15~ excess in sOfbe4ns and nonnodulatlng control 
plan~s at the four harvest timea . . . 0 0 •• o. 

Comparison of possible non-legume crops as referance for 
estimating N2 f~ation by 15N isotope ~ilut1on . . . 

.r 

'Percent Ndfa in soybeana estimated from variou. control 

" . 

plants at the four haryest. times . . . . .. .. 0 • 

111 

113 

121 

123 

126 

127 

128 

129 

1-32 

~ry ~tter and nitrogen, yield and N iso~ope characterlstic. ' 
df nonnodulating soybean c~~tivar. at 46\day. afte~ planting 133 

'. \ 
Dry matter -.nd nftrogen yield of nonnodulating .oybèan 
~ultivars 84 days after planting . 0 • • • • • • • • • 

1 

134 

6.10 Nitrogen isotope characteristics of nonnodulating .oybean , 

. , 

cuttivars~84 days aft~r planting 0 • • • • • • • •• • •• 135 -

6.11 ~~mparison of soybean cultivar. at' 46 day. after plànting 
~r their ability to suppor~ aymbiotie N2 ftEation at \ 
Nanga, Zambia. • . • . \ '... ••••• 137 

-ix-
. ) 



( 

c 

1 

c 
" , 

\ 

\ 

1 

6.12 

6.13 

6.14 

/ 

'A' value. for nodu1ating cultiv~r. of loybean calculated 
on the ba.il of nonnodulating cultivar. at 46 day. after 
plantina . . . . . . . ..... . . . . . . . . . . 

Dry matter and nitrogen yield of nodu1ating soybean 
cultivara 84 days after planting . . . . . . . . . . 

Comp~ri.on of loybean cult!vars for their ability to support 
.ymbiotic N2.~ixation 84 days after planting . 

6.15 'A' values for nodulating cultiv~rs of soybean calculated 
Q on the basi~ of nonnodulating cultivars at 84 days after 

138 

139 

141 

plant ing 1 •••••• • • • • • • • 142 

.. 7.1 

7.2 

7.3 

7.4 

7.5 

7.~ 

," 
7.7 

7.8 

7.9 

7.10 

7.11 

, 
Fertilizer P and N treatments of tvo season rotations in 

. Zambia ~. ... -..: . . . . . . . . '.' . . , . 

Compariàon of 8oybean~cultivars for their ability to support 
~symbiotic N2 fiXation by 1. laponicum at 42 days after 
planting • ......., . . . . . . . . . " . . . . 

~ 
Dry matter and nitrogen yiel4/of soybean cultivars 72 days 
after planting . . . . . , . . . . . . . . . . . . 
~ 
Compa~ison of 80ybean cultivars for their ability to support 
aymbiOtic N2 fixation by 1. lapohicum 72 days' after 
pt,anting . .......'......: . . . . . . . 

'A' val~es for nonnOdUl~g ~nd hodulating soybean 
cultivars . . 'r • 

Grain DM yields of soybean cultivars 

Dry matter yields of Haize in first season of the rotation 

Wheat grain DM yields in the second season of t!'le rotation 

Phosphorus levels and isotopie cftaracteristics of'wheat in 
the second season of the rotation . . . . .. .,... 

\ 

Significance of contrasts among P levels,- 'Pdff, fertilizer 
uptake and 'A' values of wheat in the.second season of the 
rotation . . . . . . . . . . , , . . ,/J. • 

Ni.rogen derived from atmosphere, fe~tilizer ~ soil br 
crops in the first season of the rotatio~ 

7.12 0 Totâl N uptake of vheat in the ."cond season of the 

... 
1 

rotation. . . . . . , .. , 
o • 

o 

-x- o 

146 

148 

149 

150 ...,.. 

151 

153 

154 

155 

157 

158 

161 

162 



.,\0 

(> ô 

\ 
\ 

Figure 

1.1 

1.2 

3.1. 

3.2 

3.,3 

3.4 

3.5 

3.6 

. ., 

3.7 

4.1 

4.2 4 

4.3 

5.1 

6.1 

LIST, OP Plcrous 

Major agroecologiqal zones in Zambia 

Hean length of the rainy season in Zambia 

Average effect of irrigation schedule 
on grain yield of wheat 

, 

Average effe,t of nitrogen rate on yield of wheat 

Average effect of method of nitFOgen application 
on grain yield of wheat .. . . . . . . . . . . 

Effect of method of placement and application of 
nitrogen fertilizer on grain yield of wheat in 1983 

1 

Grain yields of wheat grown in the 
a$ affected by irrigation schedule 
~trogen fertiliz~r ~~ace~ent 

1982 experiment 
and method of 
......... , 
r' 

Grain yields 6btained by the weekly irrigation 
schedule in 1983 as affected by the method of nitrogen 
application (S - single, T - two spliê) and placement 
(average yields of all treatments for the every two and 
three week irrigation schedules are presented for visual 
comparison only) . . . . . . . . . . . . " .... .. 
Grain yields obtained in 1984 as affected by the method 
of nitrogen appli~ation and placement 

Average effect of irrigation schedule on grain yield 
of wheat . . . . . .. . .... .1. 

Cummulative pan evapor~tion on a weekly basia and relative 
humidity during the growing season . . . . . . . . . . . . 

Re1ationship between grain yield of wneat and cummulative 
depth of irrigaitQn in mm 

" . 
Effect of irrigation rate and 'Ndff on the grain dry 
matter (DM) yie1d of wheat . . . . . . 

l 

Changes in Nitrogen uptake by,G1ycine m!X cv. Hagoye (.) 
and D680099 (0) and non-fixing referencé cropa (* 
Iheu:lsine corocana L .• 0 Panicum glaucum L., x Cblorb 
gayana L.) betveen sampling intervall during the 
groying season, . . . . . . . . '.' ;~. . o' • • 

l ' 

-xi-

! 

.J 

3 

4 

70 

73 

74 

75 

76 

81 

82 

89 

91 

116 

131 

. ; 
o 



( 

c 

,-

CONTRIBUTIONS 10 KNOWLEDGE 

The main contributions to knowledge in'cluded the following: 

1. Highesl wheat grain yie1ds were obtained with cult~var EMU'S when 

~ irrigation was applied weekly at a rate of 85% of total pan evaporation. 

Grain yields were increased when irrigalion was app1i~d either every two 

or three weeks, indi'cating water stress was the main yielp. limiting 

faclor. A1though the apparent water use efficiency increased with the 

ionge~ ir~igation inte~vals, the loss in yield was too large to warrant 

their implementation. 
"/ 

2. Split'application of N produced significantly higher grain yields. 
1 

The highest grain yield obtained when the initial portion of N was' 
1 

ei ther broadcast and incorporated prior to seeding ôr' broadcast two 

weeks after seeding. The lncrease in grain yields with splft 
• i 

application was due to a higher uptake' and efficient uti lizalion of 

fertilizer N. 

3. The percent NDFF for any placement method was independent of 
" 

water regime, indicating the same positional availability of the applied 

rN to the wheat. 

4. Grain DM yields of wheat was primarily a function of avai1abl~ 

o 
water and was affected by %NDFF at lower water regi~es. In~reasing % 

NDFF at low water regirnes resulted in increased DM yields but the 

increase did not compensate for yield 10ss due to restricted moisture. 
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4. Grain DM yields of wheat was p,rimarily a funct ion of 8vailab le , 
\ 

water 
G 

NDFF 

. 

anà was affected by %NDFF at lower water regîmes. 

at low water regimes resul ted in 'increased DM 

Tncreasing' % , 
yi e 1 da bu t l ho 

increase diq. not comperrsate for yield loss due to restricted moislur·e . 
• ., 

1 

5. Low recoveries of N by wheat foun& in this study, Buggesl 8 

• significant lo~ of applied _ fertilizer N. ,The magnitude and mechunism 

of nitrogen loss _should be further evaluated in order to develop 

~ . 
techniques and use of improved N sources for lmproved N efficiency. , 
6., Non-nodulating Boybeans ~91Y~1D~ m~ 1~) cultivar Clark Rji and N77 

1 

were found to be appropriate reference planls for estimaling biologieal 
J 7 

N2-fixation by the isotope dilution method in Zambia. 
,J. • 

Pearl millet (r~nlggm gl~~~~ L.) was suitable. 

In t heir 'Itl'Jsence 
,.1 

7, A local soybean (gl~~ü.!!~ !!!~~ L.) cultivar Magoye rsted highesl 

<=1 

among other soybean cultivars (Bossier, Santa Rosa) in supporting 

symbiotic N2-ftxation. 
1 

8. When Magoye was inoculated with a locol rhizobium (~~ j~~Qni~Ym) 

lsolate (MM48) up to 70% of the lotal N was derived from Nz-fixation, 

N2-fixed amounted to 225 kg N ha- 1 •• 

) 

9. Total soybean DM yields' were lower with high inorganic N 

application rates (100 kg N ha- 1 ). H6wev~r, when Boil N was in organic 

form, no yield decrease_waB observed with the same high N application 

rate. Tberefore, inhihition of N2-fixation by high l'ales of ferlilizer , .; 

, 
N was not only dependent on the absolute amounts of N applied but also 

on the source of N. -
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10. When wheat wàs grown in rotation with maize and soybeans as first 

crops, high wheat grain yields we~e obtained when the or1fee~ing crop 

had the 1east soil N reqùirement. f' 
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This tHesis has been~ubmitted in paper format. There are elaht 
~ . ~ 

Sections consisting of IntrOductlon to the thesls, Literatur_ revi.v, flve 
~' 

. ' papers in a form aUitable~r PUbli~ation. 

conclus ions. " > 
and overall aummary and 

~ 

The third Section "Influence of irrigation schedules and nitrogen 
o 

placement on wheat" and the forth Section "Effect of 'irr,igation .chedule. 

and regimes on wheat yield" have been published in the Comm. Soil Sci. 
- t 

Plant Anal. with the co~uthorship of A. Bunyolo and R.E. KeramanOB. ~e 

fif'èh Sectiol\ "Utilization of 15N-urea fertilizer by irrigated wheat in 
,r 

'Zambi~" was submitted for publication to the Plant and Soil on 10 JUly, . -
1987 with the co-auth8rship of R.E" Karamanos and A.P. MacKenzie. The , -sixth Secti.on' "Nitrogen fixation by soybeans (Glycine l!lAX L.)" was 

submitted for publication to the Plant and Soil on 23 3uly, 1987 vith the 

co-authorship of R.E. Karamanos, J.O. Legg and A. Sanogho. The seventh 

Section "Wheat y1eld!! in matte-wheat and soybean-wheat rotations" vu 

submitted for ~ublic~tion to the Cano ~. Soil Sci. on l? September 1987 

under the co-authorship of R.E. Karamanos an~ I.P. O'Halloran. 
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1- DIftODUC'lIOB 

.. .' 

Zambia b located in central ,aouthern Mriea. 'It ahare. common 

bordera vith Tanzania, Ha1avi, Hozambique, Zimbabwe. Botswana, Namibia', 
" a 

Angola and Z.ire. The coun~ry ia completely land1ocked. The natlqnal 

• 0 

territory covera about 150,000 km2• The altitude varies,from 1000 m over 
~t7 

mOlt of the country to.peaka of about 2500 m . 
. -

The c~untry can'be 

zones ,,(Flg) 1.1): 

dlvided into roqghly four major agroecological 

A.- Tbe .Northern high ràinfall~zone comprfses the m~r part of the 

Northern, Luapula, Copperbelt and North Western Provinces. It ls 

characterized by h~gher rainfall than the're~t ~f the co~t y (1,000 to 

1,500 mm on average all fal11ng between November and April) and generally . " 
very poor, leached sandveld soils. The mea~ length of the rainy sea~on 

(145 to 190 days) fav~r~ ~nnual crops with a long ~oving season (Fig~ 
, 

'1.2). However, high rainfall, low sunshine hou7s, and cloud cover reduce . 
temperatures to an ave~age of 20~ C, which make~ the zone somewhat less 

• 
favourable for optimum growth of maize and limits the possibility of 

growing cotton (Gossypium Llvsutum L.), virginia or barley tobacco 
, 1 

"\ / -
(Nicotiana tobacum \.). Various fo~s of.shifting cultivation (Chite~ene) 

have evolved in this reglon. This 18 th-' zone being considered fol rainfed 
o J 

, 1 

wheat. .. 1 
/ 

B. Tbe Western Semi~Arid Plai~s ~one includes most of the Western 
/ 

It is the 

.. 

Prbvince and t~ti Zambezl District of the North Western Province. 
" . - , 

driest region in. Zambia: The average rainfa11 varies fram 600 to 1,000 ~, . , 
~ /' 

decreasing toward. the south. The major' claatic .luitations to plant 

/' " 

/ 
/" 
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grovth are the extremea of heat. frolt. and a~i~itl ~n the South.ru and 

Vestem marginl of the area . 
. " 

C. 
~ 

Tbe Central. South.rn and Eastern plateauI, The plateau areal of ,-
o 

Central, Southern and ,Eastern Provinces generally eontain the mOlt fertile 

'soils in Zambia. The upper valley soils which border the Kafue fla~1 in 
\ 

\ the Hazabuka and Lusaka District of Southem' and Central Province, thl" 

Petauke and, to a l88ser extent, Kate'te and Chi-pata Diatrictl of Za.tern 

. ,Provinces support a variety of crops including malze ~ mAX1 L.), 

groundnuts CArachis bypogea L.), sunflower CHelianthus ~ L.), cotton, / 

• irrlgated wheat (T~iticum aestivum L.) etc. The so11s of the Southern and 

Eastern plateau ar~ less leached and have a~higher percentage of more , . 
fert~le rùd earths or loams and can support a variety of crops simiiar to 

the upper valley soils. The sandveld soils of MkuBhi, Kabve, Choma, 

Kalomo, Ratete and Chipata are best suited to tobacco and maize. The red , 

loams of Eastern Province~ in Petauke and Katete, like the upper valley 

so~ls of Mumbwa, Mazabuka and Lusaka, are more sulted to cotton, maize, 
, 1 

sunflower. soybeans, irr~ated wheat cotton and groundnuta. SOhle of the 

most advanced agricultural systems have evolved in this region, 1.e., oxen -
or mechanized production. 

D. The Luangwa-Zambez'i rift valley. The altitude is down to 600 m 

vith a rainfall 'less than 750 mm per year to 1,200 mm in the north of the 
\ . 

Luang~a valley. The zone has a humid hot climate for moat of the year. ' 

The region ia not suitable for agriculture except for isolated pocket. of 

~ood soils. Development is confined to the lover valley .oil. vhlch occur 

... 
in smal1 areas along the LUangwa valley and Gvembe valley bordering· 

, 
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tbe Zambezi river and Lake briba. Sorgbuma (Sorabum yu1aarae L.) and 
;' 

miltets <Panicum a1aucum L.) are grown' in tbe are •. 

, A1thougb agriculture .upportl over 50' of Zambia'. population. it 
, \ 

account. for on1y about t5' of Grovth Domestic Product (GDP). The mining 

.. etor , \" ... l~ly ,fO: eopper mlnlng ~ ha_ ~ra.iitlbnal~Y dOllliDatèd~' .eon_ 

'and accounts for an overwhelming proportion of GDP and foreign e~hange 

eamingl. The mining seetor currently faces signifieant medium and long 

term problems. Since 1976, the economy hasleen in depression, due to 

tnainly,."a' 40\ declin,e in the priee of copper but also to mil~tary and 

political events in'neighboring countries.-
• 

Vithout a successful diversification poliey and considerably long-term 
. 

• t~etural adjustments, Zambia faces a relatively bleak eeonomic future . 
. 

Any-signifieant economie growth will have tô come from, the agrieultural , 
sector and this will be the eountry's ~erious challenge for the rest of 

th!s ~entury and probably wel~ into the next. 

Historieally the development of agrieu~tural exports has been limited. 

Apart from small quantities of maize exported to neighboring co~tries 
p. 

unt!l 1978, the only regular exports have been tobaceo and eonfeeti~nary 

groundnuta, although they account for less than 1\ of total export-. . 
earnings. Import's of agricultural eommodities~ on the other hand. showed 

an tncreasad trend during the 1970's reaching about 8\ of total_ exports. 

The major imported agricultural goods have be~n c~reals (mainly wheat and 

rice) , vegetable oil and oilsèed cakes, which a~counted for 50\. 11\ abd 

17\ Qf total agricultura1 importa ~n 1979. lncreasing quantities of wheat 
~ 

Il 

" 
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,-~ . 
are being imported and th:l.a la i' .ignifi"eint draln on the .caree fordaft 

exchange. 

In an effort to diver.ifY\~he economy andr,vold th. h~avy reltane. on 
, ~ 

the mining sector. the country has embarkcd on a major food program atmed 
t '~,,.' ..-~~\ 

~ Ar' 
at aelf-aufficiency ~-food and fiber production. Th. eountry po •••••••• 

:./~ 
tremendous potenti.l -in lmplementing multlcropplng .y.te •• vhich promi.e 

increased a,rlcultural production. To utl1ize part' of thi.~potentia~. 

_ yields ef, t~e -main f~eld crops ~ m~ize. sunflower. soybean •• "sroundnuta. 

cotton can be 1ncreased through plant breeding. efficiènt utilization of 

" -.--
fertilizer and ~ette~management practices. The yielda of wheat eapeclally 

; 1 
gro1(Il in the dry season (Jotay to August) can be, increased through morè. 

rational use of,water and ferti11zer. especially nitrogen. .. 

The maintenance of N fertility of solls cropped to cereala depend. 
~ . 

upon tbe addition of nitrogenous fertHiz~ra or upon '\;iolog10a1 

N2-fixation. often following the intro~uetion of leg~e8 grown in . 

rotations. Legumes provide a source of fixed nitrogen in crop rotation., 
. 

This 18 of extreme importance to developing countries since fertilizer N 

costs are increasing and consequent-ly- the -fèrtq1'z~r l)1pply to farmera la 

beins reduced. '~us. biological N2~fixation may be a viable alternative 
1 • _.., 

for cotintries such as Zamb!a where escalating en~rgy coat. render the_c~.t 

-of synthetic nltrogen producta prohibitive. 
1 

The hypotheses for this thesis were: 

1. Rational- application of water through approprlate irrlg.tlon-~ 
,,~ 

sched~ling and rate, timln~and placement of R fertl11zer 
. 9 , 

,., , -
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applicati~ vill contribute to tncr •• aed •• ter and R u.e 

.~flcl.ncy and lead to hlgber· grain yield •• 

2. ,52 ~1xat~on by aoybeana vill contribute to.efficient u.e of R 

'relourcel in Zambia. 
o 

The objec~ive8 of the project vere to: 

"1. Determine the effect of different irrigation regimes on the grain 
1 

yield~of vh~at. 

2. Evaluate irrigation water use effieieney. . . 
3. Determlne~e ~~f.ect of different irrigation regimes~ ~im~~ rate 

.~ 

and placement of N fertilizer application on the grain yield of 
y 

wheat. 

4 .. Compare and select the most appropriate non-fixing control !or 

estimating N2 fixation and assess yields and N2 fixation by , 

loybeans. 

5. Determine amounts of N2 fixed by two ~oybean c~ops at tvo levels 

of P and evaluate the residual effect of N and P on whe~ growth 
o • 

when the preceding crops ve~e either cereal'or legume. 

1 " 
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2. l.ITIJlA'l'OU UVIIV 

. 
F~rtilizer • recommendations on wheat in Zamb1,:a bave been baaed on . 

. fertility and irdgat·ion ~rials of wheat in neighboring countrie., .• uch a. 

.Zimbabwe. However, because of different cîimatic conditions, information 
1 

, 

is required on the correct use of fertilizers and . , irrigation water in 
. ~ 

of planting, "plant conjunctfon with such agr?nom1c variables as date 

populatio~s and spacink for improving the yield of prom1sipg var~etie •. 

This literature review w1l1 deal vith the matn factors affecting vater and~ 

nitrogen use. 

2.1 Vater Use 

Earlier work at the Natiopal Irrigation Research Station at Nanga, 
, . 

Zambia (AepPlii 1977) ~ould not lead to rinal recommendations on crop vater 

.use because Of\~ number of'ob,tacles encountered, especially vith proper 

J, 

ul de~ermination ~ soil moisture. Crop water~equirements vere determined.on 

the basis ~f potentia: evapotransp1ration from climatic data. The concept 

~ of poten~l evapotranspiration is an attempt to characterize the 
.f 

macrometeorological environment of a field in terms of an evaporative pover 

or demand vhich the atmosphere is capable of extracting from a field of 
" , 

given ~urface properties. Evapotranspiration 18 the convers~on of vater to 

vapor and 'the transport of tlte v~por avay from the vaterahed surface. 

(surface ~ leaves, soil and vater surfaces) into the atmosphere. 

1 --, J 

.' 

'J,.. 

.. 
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o 
( Application of vater can reault in N and irrigation in'teraction. The ad'ded 

( 

" 

c 
• 

vater may leach N into the ,profile reducing ita availability. -On the other 

hand added vater can reault in increaàed soil and fertilizer N and higher 

crop 1ieldi. 

l' 
2.1.1 Deterainins aoil lIOiature 

D , 

T~obtain valid field data on evapotranapiration requires a large 
o ~ 

number of soil moisture measurements at various soil depths. There are 

s~er-al methods of determining soil moisture. The most common is the 

• gravimetric method'of weighing a sail sample before and after aven drying. \ 
o 

Other -~ethods mea~re soil moisture indirectly. A solI characterlstic 

other tnan moisture, such as electrical and thermal conductivity, thermal 

diffusivity, di~lectric constant" or moisture tension ls measu~ed (Gardner 

and KirKham, 1952). 
o 

The neutron moisture method is used ~or measuring sail wdter contents 

in studiesCon water conservation and management (Cameiro and de Jang, 

"" 1985). Th~ method dfPends on the fact that hydrogen slpws fast neutrons 

to thermal energies (6.025 eV) more efficiently than ~ny other common 
(1 

element. The cross section for hydrogen increases greatly from 2.55 to 

47.5 barns as the neutrpns slow down. 
\1 

The cross section expresses the 

probability that a neutron will interact with an atom of given element 

and is m;asu~ed in'barnl~ A barn-iscequivalent to lU- 24cm2 . Th~ cross 
c 

" section depends primarily upon the en~rgy of the neutron an~ for the 

lightest el~ments and at low neutron velocities, the chemicalvbinding of 

the atom. The large cross section of hydrogen re$ults in a greater 

probability for the neutron ta interact vith hydrogen compared vith' any 
o 
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other element. For mOlt of th~ elementl in the loil, tbe cro •• lection il 

8 .mall (leaa than l barn) and remain. the Ik~e. ~l.o. element. may be pre-

~ sent in ,i~significant qua~~itiea (Gardner and Kirkham. 1952: Barrada, 1965). 

, The presence of significant amounbs of Cl, Cd. Li, or B vould c.u.j 
, 1 

j 

the count-rate corresponding to a certain moisturè content to decreaae 
c • 

owing to neutron capture. In most soila. only the Cl content ~ould play an 
o 

< " ' 

lmpôrtant role as lts effective cross section for the capture of thermal 

neutrons amounts to 33 ~arns. As for B, the measured moisbUre content 

would be 1-2 volume percent too low if the B content of the sail was 30 mg 
7 

kg- l larger than implied in the calibration curv~ (Raahr and Ol~arrd, 

1965). 

The Most important source of hydrogen in sail, other than that of soil 

water itself, is the hydrogen in 80il organic ma~ter. The hydrogen 'content 

" 
of humus is about 5\ of 'ts weight. As the amount of hydrogen ln water is . -
about 11\ of its weight, the amount of hydrogen in organic matter May be an 

appreciable part of the total hydrogen (Gardner and Kirkham, 1952). A 

Ô 
small amount of hydrog~n is fO~ld in the minera! fraction, and this amount, 

being in chemical combination, should be relatively constant. 

Agreement is obtained between the neutron probe and the gravimetric 

• 
method of moisture determination. The relationship is true, however, only' 

if the moisture content i8 expressed Oon a volume basis. Otherwise, there 1 

is scatter in the data (Gardner and Klrkham, 1952). In,agricultural work, 

mois~re on a volume ba,is,ls generally more deairable than on a welght 

basls. The count rate Is a ~irect function of the apparent density of the 
. . 

soil. Any variation in 'apparent density would cause a change in the: . - -' . ' 

'. 

( 
\ 

\ 



c 

c: 
o 

c 

• 

--12-

interc.pt of th. calibration curve, while the .lope re~in. con.tant 
<, 

'(Barrada, 19~5). Sail 4en.ity con.titutes the Most criticsl of the fac~or8 
'. " 

influencing mohture determination.. A differè\tce- in' denalty of 100 kg m- '3 

re.u~ted 'in an error of vater content about 1 volume percent (~aah( and 
• Q 

Olgaard, 1965). If the actua1 density vas higher than the calibration curve 
" 

den.lty the vater content derived vou1d be tao large. 0" 

". 
At lov molsture value. (less tha~ 10\), expe~imèntal values fall below 

• 
theoretical values (Stewart and Taylor, 1957; Haahr and Olg~ard, 1965; 

r 
Cam.eiro and de 'Jo.ng, 1985). When the neutron moisture method is .used, the 

.urface. soi1 and possibly other depths should be calibrated separately, 

depend1ng on the desired accuraey and precision (Stewart and Taylor, 1957). 

The calibratidh curve of,~~s~ neutron probes (Cameiro and de Jong, 
. t' . 

1985) can be approximated by the ,equation: 

8-a+b*CR [2.11 

where, 

8 - volumetrie vater content (cm3/em3) 

CR - count ratio (actual count/referenee count) 

t' 
a and b are constants. 

The amount of vater \.in cm) to depth z 1s gtven by .f. -.z + ~JCR d.' [2.21 

The value of b can be determined by successive additions of known 
• 0 

amounts of.vater ~o a sail, each followed by scanning of the sail profile 

vith a neutron probe' (Caneiro and de Jang. 1985). The value of b'can be 

determined from the expression • z. 

~i+l - Ii - b J(CRi+i - CRi) d. 
o 

o " 

[2.3] 



o 

Î 

The 'intercept, of the calibration curve can ~e obtained by determinlna . 
the volumetric' water content of the cores extrActed during installation of 

the access tubes an~ solvlng for the above eq~.~ion by using the initial 

count ratios and the val~e'of b determined. 

, The use of the standard or referance aourçe pt counts lncrease, the 

accuracy in calibrat1ng the neutron meter. Field calibration vithout 

taking standB;d readlnss res 

reading and moisture 

correlation batween neutron mater 

th~' soU (Stewart and Taylor, 1957; 'V 

o 

Barrada, 1965). The n molsture meter is rellable in all types of 

inorganic soils of medium texture regardless of salt content and soil type 

(Stewart and Taylor,01957). 

Barrada. (1965) cited several advantages cf the neutron ,1}~~tur~ merfi.... 

1. Simple operation that enables one or two operators with little 
~ 

technical training to~use the equipment. 

--
. 

2. Saving in time as usually 2 to 5 min are enough for a single 

measurèment. 

o 

3. A large volume of soll is analyzed in a single measurement al the 

"'--orobe., normally m ••• ur. JIn .1mo,t 'Ph.riC.~ volume vith an averase 

1lameter of 0.35 m increased to 0.75 m in so11s of very low 

moisture content. 

4. Measurements are nondestructive, alloving for long-term studiea on 

the same s01l volume. 

1 

-----______ ;-~--f' 

--~------------------------
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, 2.1.2 ""!aatlDa .... potranapir.tioD 

c 

" The mealurement ot so11 moi.ture content by itself doe. not indicate 

't~e presence of plant available vater. The difference betveen moisture 

1 

o 

cpntent at a given time and that corre.ponding to a cer~ain point of 

.uch as field capacity (Barrada, 1965) indicates plant available 

anges in 8011 mobture content u! ne~ded to _ca1culate the' crop 

vater and the amount .fvaporated, or to study ~he vater mo~ement 

in the loi1. The soil m01sture and the evaporatlve demand determlne vhat 
o 

proportion of the actual to potential transpiration a plant vill achieve 

(Rann et al., 1982). 
~ 

'Many methods Of estimating potential evapotranspiration vhethet for 
o 

hydrologie models or irrigation schedu11ng .re based on pote~tial 

evapotranspiration as a physiologically based "process, 1.-e. the plant 
"-. , 

participates aa it vere in determining its potential evapotranspiration 
. 

even vhen it ia well endoved vith vater (Hillel, 1982). The procedure' is 

to firat estimate or measure a potential for evapotranspiratlon based on 

-
meteorologieal factors and then compute the amount,of that potential 

utilized by the actual evapotranspiration process. 

2.1.2.1 Penman metbod 
\ 

Various empirical models have been proposed for eSjtmating the 

patentlJl evapotranspiratlon. The method proposed by ~nman (1948) ls 
1 

basèd o~ the measurement of net radi~~ion, temperature, vapor pressure and 

w1:;nd veloci~ taken at on~ level abové the field and is~iven by: 

-.$ " " 
(AIT) Jn+LEa 

LE • [2.41 
A/y +1 

where, .. 
0 \ 

.. 
o 

}. 

o 

o 
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.\' 
LEa - 0.35(ea·e) (O~5+U2)/100 (mm/day·l), 

1 

ea - Baturated vapor prelsure at mean temperature (mm Ha) 

e - mean vapor presaura in air, 

T - psychometrie constant -0.66 mbar 0(}'·1 

U2 - mean wind speed in mi1e~ per day at tvo matera above ground 

LE - rate of energy utilization in avapotranapiration. 

Th~ potential evapotransfiration as determined by the Penman equation 

does not take intO account the possible fluctuation of the soil haat flux. 

The formulation does not take into account, surfaca roughness or air 

instability (buoyancyeffects). 
(> 

~.1 2.2 Combination method 
. -. 

. There are several modifications of the Penman equation (Penman, 1948; 

1956). The combinat~ method based on the modified Penman aquat,ion now 

represents one of the more raliable techniques for predicting potential 
1 

evapotranspiration from climatic data. The refinements we~e made by 

.. 1Iusinger (,1956) ," Tann~f' and Pe1ton (1960), and van Bavel (1966). Konttth 

, (1965) added a term to account for vapor movement resistance from an 

evaporating surface and simi1arly Tanner and Fuchs (1968) inco~porated a 

lurface temperature value. The derivation of·the combination equation ia 

K -

(6/~)Rn+(KLdaUa)/[ln(za-d)j.o)12 

l+(~/,y) 

p o • 

o 



( 

where, 

/ 

\ 
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LE _ - la1:ent heat- flux! 

E 

Ua 

\ 
- latent head of vaporization (cal 8-1 ). 

" ri " " 

. - potential evapotranspirati~ rate 0 (Cil day-l). 

\ 

- slope of the paychrometric saturation line 

(mbars OC- l ). 

- plychrometric constant (mbars OC- l ). , ~ 

- net radiation flux (cal cm- 2 day-l)., 
~ 

- saturation vapor pressure deficit of' air 

[(eo-el)mbars] . 

.. 0 '1 - vindspeed at elevation Za (m day- ). 

Za - anemometer height above sail (cm). 

d - vind profile displacement height (cm). 

'p - air density (g cm- 3). 
~ . 

,k - van Karman coefficient (0.41). 

c _ vater/air molecular ratio (0.622). 
j 

P 0 -~mbient air pressure (mbars). 

zo - vind profilé roughness height (cm). 
~ 

o 

/ 

All terms ot·k and tpe value of Lare treated as constants in most 
, 0 

epplicatlons. The (A/~) term is a function of temperature and tabled .. 
vaLues are available (van Bavel, 1966). 

2.1' 2.3 Claas A-pan 

The potent!àl evapotranspiration can' also be est~ted from pan 

evaporation. Good resulta are obte1ned by class A-pan, however, the values 

\ . 



\) 
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~he usually higher than th' potential oevapotranaplration f_\"011 
vegetated surface beca~e of the pan'I excesaive expo.ure"and lover 

reflection of solar rad~tion. The A-pap values are alto influeneed by the 

pan's ~rOUnding fetch. r~lative humidity and v~~dlpeed. Beat tranlfer 
. 

through the sides of the pan May occur vhich may be severe for .unken panl. 

Storage of heat vithin the pan can be appreciab~e and may eaul. almolt .. 
equal ~vaporation during night and day (Doorenbos and Pruitt, 1977). The 

A-pan values have therefore tO'be adjusted vith coefficients vhich take .. 
into account the effects of plant growth characteristics (date of planting, , 
rate of crop developmen(, length of growing season and climatic conditions) 

o 0 . 
and average water availability. Crop'coefficients show a large variation 

• '0 

between major groups of crops. The difference i8 largely due to resi.tance 

to transpiration of ~ifferent plants, su~h as waxy leaves of. plants, erop 

beilht, crop roughness, reflection and ground cover. 
\ 

EtO • CÉt Ep 
-.. 

where, 

EtO - potential evapotranspiration. 

Ep - class A-pan. 

CEt - coefficients. 

(> 

[2 .. 7 ] 

o 
The coefficients range from 0.5 to 0.8, but other than extrema 

,j 

·conditions.. tb~ .coefficients stabilize to about o. 77 over several day.!.. 
--~---<-- 1 (, 

Specifie coefficient values for application to specifie locations ha~. to 
1 

be' ·found. However, repruentative values from othér studiea ~i~ide 
. . r-' " 

guidance. Several researchers have obtained best result~-by apP1yi~'Î 
~,' /; 

seasonally varie,d coefficients and average vater avallability. , 

o 



c 

c 

-la.. 
1 r 

o 

Thar. i. a correlation betveen th. pr.dicted potential 

evapotranlplration p.inS tbe comblnation model and class A-pan evaporation. 

The improved correlation i. 1.r&~ly due to tb. added consideration of tbe 
o • 

aerodynam~c terms in th. combinatlon equation. The other metbods for 

•• tiinating potendal evapo~ranspiration are based on: 

1. Vertical energy budget of a vegetat.d surface. 

2. Air temperature suebl as tbe Blaney-Criddle (1966) metbod, whicb bas 
" 

been extensively used in irrigation designs in the Western U. s. ". ' ~ A commonly used method of estimating actual evapotranspiration ls by 

lysimeter. ~lis 18 n~rmallY done by-the mea~rement of soil container mass 

changes. With lysimeters such as that deve~ed by Dugas et al. (1985), it 

Is possible to evaluate (throughout the profile) the,int~rrelationships 

b.t ..... n rooting d.ptb a~ity. soil wat.r cOnt.nt. plant water uptak. 

and .vapo._' d ... nd.' • ( 

2 .1.3 Plant va ter uptalte 

o Brun et al. (1985) lnvestlgated.simple empirical equations that vould 

adequatelY,describe actual e,apotranspiration as a function of soil 

moisture content or pan evaporati~n or b9th. By including the pan 

evaporation factor, the coefficient of estimation (R2) was 'markedly 

lncreased from 0.69 to 0.89. Thus soil moisture and pan ev~poration vere 
o ~ 

found to be both neeessery to produce acceptable models for predicting crop 

.vapotranspiration, vith soil being the more important factor. Tanner and 

Jury (1976) deve10ped and tested an actual eva~~trànspiration model based 
L 

on the potential evapotranspiration formula of Priest~y and Taylo~ (1972). 

Calculated .yaporation (E) and ~ranspiration (T) esttmates vere consistent 
\ 

• 

\ 

\ 

• 

'1\ 

o 



\ 

o 

'" 
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"ith. measured values by .the lysimeter. At lov leaf area index. (LAI) 1 E , 

compri;aeB a large fracti:0n of the potentlal evapotranlpiratlon and cannot . 
be eatimated unless E and Tare conaidered aepar.tely, since ! and T 

usually do not vary prop~orti~natel~er and Jury (1976) eatlmated ! 
/ 

"hen lt was less than potenti~l (the falling r~~e phase), by' two approacb •• 
\ 

based on E ,a,lling as t.1 / 2 , The Illodel, hovever, aaS\ltD8S T at the potent1al 

rate. , .. 
The general flow equation for a one dimension'.l flo,,' deacribea the 

vater flow in the unsaturated zone (Alaert., et ü., 1985). A modification 

of the flow equation to inc1ude the plant ~oot extra.ction term (the 80 

called slnk term) , along the lines of Whistler et al. (1968) and Molz and 

R?son (1970), describes the model of water balance of a eropped soil. The 

objective of a sink term is to dis'tribute an atmospheric demand over the 

root zone and to reduce eventually the water 1088 from the crop aecording 

to the water/ûptake,. status of the root zone (Alaerts et al., 1985), the 

water upt~ke status in the root zone being equal to the e~apotran8piration. 

de d dH - 1(8) +A(z,t) [2.8] 
dt dz dz 

where, 

A(z,t) - root extrac~io.n tem (sink term). 
"-

6 - volumetrie vater content 

t -time t 

z -depth 

K - hydraulic conductivity 

pr ... urf . b~.d • 
H - hydraulie head (sum of h. and gravit y , head) 

«> 

, l' 
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\ 
The simple le.st-energy mOd~l PeffO~. 's1_~ll&rlY to the complex N~h-

Banks modal for uns.turated, lover b~dary con'didon •• but fail. to .. 
• :l.mulate • reaU.atic extraction pattern "hen a ".ter table ia present. 

O~er modela .uch •• t)1e Boogl.nds extraction term cannot simulate the 

dail,. potential transpiration (Alaerts et al.. 1985). " 

.. 
2.1. 4 l1equ:l.re4 ~t of :lrrigation water, 

o • 

The required amount of irrigation water is calculated on the basis of 
,; 

meeting the evapotranspiration rate of 8(' disease-free crop growing in large 

fi.el~a under optimal grow~ng conditions (Doorenboos and Prüitt, 197.7? The' 

Et(crop) Cérop evapotranspiration) 1s determined by bala.pcing the.. inputs 
. 

(precipitation or irrigation, upwar~ flow from water tables and so.il wate~ 

Itorage) to evaporation losses, drainage and ~off. 
-, 

In - Et.,(crop) - (Poe + Ge + Wb ± D - Q) [2.9) 
o. 

where, 

In - net irrigation,' 

·Pe - precipitation, .. 

Ge - grouncSwat'er contribution, 

\lb - storecS vater at the beginning of each period, 

D - root zone drainage ("+_" upward ~low to root zone or "_fi 
,f 

dovnward flow from the root zone). 
o 

- Q - the field ~off. 

Et (crop) - crop evapotranspiration 

Abstra~ting of Et from eac~ooting l.ayer can aiso be done thx:ough 

consideration of the various sink terms (Alaerts-et al.. 1985). through 

plottlng of :l.sQgrÀms of constant loi~ mo:l.s'ture vith depth as ordinate and 
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moiature aa abaciss. over the groving aea.on-trom. lyat.etlr aa'd.acrlbed 

1 
by Brun et al", (1985). It can alao be done throuah m"surina root 'hnath, , 

density and water content througbout tbe loil profile in apecially deaianed 

lysimeters using mini-r~izotrons (Dugas et al., 1985). Drainage 18 .. 
estimated by redistribution a1\d percolation by a Darcy-type unsaturated 

• t 

flow comp~tation. The actual Et(crop) is computed through ~equentlal 
\ . 

consideration of plant 
f 

phenology to describe the tranapirability of the . 
existing canopy, root redistribution and water stress rel~pa. 

. . .' 
The Et(crop) varies vith the dynamic developmen~ and decay of a plant 

canopy. The degrée of canopy development proportions the radiant ener'KY' 

betveen the plant and tbe soil. Before complete canopy dev9lopment, energy 

from a dry soil and air not used for evaporatiQn is reradiated for 
, --r--. , 

transpiration to increase the Et(crop)' To a good approxim~tion Eta rate 

is proportional to leaf àrea index (LAI) up to 2.5 - 3.0, above vbich 

e~aporation occurs at a poten~al rate. Et(crop) i~.modifled by the plants , 
pbenologieal development, which may oocur independent of crop canoPf 

present. The phenology relates to stomatal control of vater through the 

plant depending on atmospheric conditions. The root dis~ribution reflects 

where in the soil profile the plant is attempting to obtain v.ter, and. 

water-stress relation$ip, whi"ch 1s applied to each layer and is a funetion 

of the plant available water of that sol1 layer and the atmospherlc demand 

of that plant. 

" \' Other than -meeting the net irrigation requirementl, vater Joa needed 

for leaching açcumulated salts from the root zone and oth~r cultural ' 
, 

practices (Doorenbos and Pruitt, 1977). To account for loss.s of vater 

f 
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. 1 
incurred during conveyance and àpplication t~ the field, field canai and 

application effieieneie. are taken into _eeJun~. Field canal effleieney i8 
, 

defined a. the ratio bet.een vater reeelved at 
1 -

p ! 

the fleld lnlet and that 
~I 

received at the ~nlet of the bloek of fie1ds. Field application effieieney 
j 

18 the ratio betveen the wat~tly arailable to the plant and that 

reeeived at the field inl~t. For 'sprinkler irrigation fi.~e~~~ 
• 

eff1.fieney 1s 0.7 for moderate elimates ~/ vrUe the ea~ l 0.8. 
~~ 

In sprinkler irrigation, losse$ due to vind drift and spray ean 

be signifieent. , , 

2.1.4.1 Supply r~q~irements 

The supply requlrements at the fie,ld level are determ,ined by the depth 

and intervar of irrigation and are primarily determin~d by (1) the total 
< 

avallable ,soU water t (U) the fraction of avaiiable soU water permitt.ing 
. 

unrestrieted evapotranspiration and/or optimal growth, and (i~l) the 

root ing dèpth. 
( 

The depth of irrigation application (d) is squal to the.readily 

avallable 1011 vater over ,the root zone and an ap?lication efflclency 

factor to account for uneven application over the field. 

(pSa) D (mm) 
d - Ea 

*, > .. 
[2.10] 

where, 
" 

d • depth of irrigation application, 

p, - faction of'available soil waher'permitting unrestricted 

ans iration and/or optimal erop growth, 

Sa - total available soil water, mm soil depth, 

" , " 
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• \ 

Ra - application efficiency, fraction 

The value Qf p dep~nda .. inly only on the type of crop and evaporation 
\ 

demand. Some crops luch a. cotton and vheat vill tolera~e hiaher aoll 

vater depletion levels. The tolerable depletion level vari •• areatly vitb 
( , 

crop developmen~ stage. The depth of Boil vater readilY,available to the 

• crop vill also vary vith level of evaporative demand. 

2.1.4.2. 'Irrigation application tnterval 

There ~s need to dettrmine the number of irrigation. a. vell a • 
.. 

quantity of water per irrigation in order to relate the vater use ta the N 

fertili~eeds. Correct timing of irrigation application ia of major 

importance. Delayed irrigation particularly when the crop ia se.nsitive to " 

• 
vater stress, could affect yields a~ cannot be compensated for by 

subseqùent overwa~ering. Tim,ing of irrigation should conform to .... oU vater 

depletion requirements./which vary with evaporative demand. rooti~g depth, 

sail type and stages of crop growth. 

. (pSa)D 
i.- [2.11] 

where \ 

Et (crop) 

i - irrig~tion interval. 

p - fraction of available so~l vater pe~~tting unreatrlcted' 

evapotranspiration, 
\ 

Sa - total aval1ab~e 80il va~r, mm soil depth. 

D - rooting.depth, m, 
.' 

Et(crop) - crop evapo,transpiration. 

-
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. 
2.1.4.3 i~tiOD aupp1y acbedu1ea' 

Field irrigation aupp1y ia determined prtmarily by the depth and 
• 

interval of irrigation and the method of irrigation. 

where, 

qt -
Ea 

q-. Itream size Lsec- l , 

t - .up~~uration, 
Sa - total available soil, mm s~il depth, 

[2.12] 

p - fraction of avai~able soi1 vater permitti~ unrestricted 

evapotranspiration; 

D - rootlng depth,' 

Ra - applicati~n efficiency, 

A - area, ha. 

In sprinkler irrigirtion the stream size is determined by the application 

" rate which in tuJ\p is governed by the soil 
i-~ 

infiltrat}Dn rate\and by the 
1 

number of sprinklers operating simultaneously. F~ a given system, the 
, 

depth and interval of irrigation can be changed by varying the application 

duration and number of -clays betw~en irrigations·:;:'~~~'~-·,--: 
.' ~ ._",M. '0_ :" 

Prihar et al. (1974) used the ratio between the depth of irrigation , ' 

,-, 
vater applied and cumulative pan evsporation (IW/PAN-E) betveen the 

irrigation interva1 as a,guide/for scheduling irrigation. He found that 
, 

for optimum yield, wheat should be irrigated on the basis of nf/PAN-E of,. 

0.57 to 1.00. This,approach ~ffers two ways of saving irrigation water (i) 

a narrow IV/PAN-E ratio, and (ii) termirtating irrigation at later growth 

stages vhen wheal; suffers miniinum"loss in yie1d . .o? 
o 

o , 

o 
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2.1.5 Effect. of .011 .obture on arOtrth of wh.at 

The movement of va ter from the 10U tllrough the pLant to ~tl1e 

" atmosphere followa a gradient of potential enerSy (Gardner, 1965~ Slatyer, 

1967). The rat, of flov ia determined by the magnitude of the potential 

gradie~t and reaistances to liquid and vapor movement through the loil and 

the plant. Soil wat~rreaist~nce ia inveraely proportional to capillary 

conductivity and root density. As tbe aoiL driea out, the 'Ioil vater 

potential declinea and the capillary conductivity decreasea rapidly. As"a 
-. 

consequence, the resistance to water movement in the soil limits the rate 
c ~ 

of wAfer up~ake by ro~ts (Glrdner and Ehlig, 1962). Water absorption by 

<0> 

the roots within Any soil layer is largely influenced by the radial 

resistance to water movement from the soil ta the root surface and dlrough 

root tissues to the xylem and the,axial resistanCf of the xylem. When 
& 
Q 

there is a shortage of water, the maJor resistance to water flow is located 
. 

in the leaf-air boundary (Phillip, 1957). As the rate of water supplie~' 

from the soi1 1ags behind transpiration rate, the turgor pressure 

decreases, the stomata start to close and transpiration decreases (Yang and 
o 

o ri' 
de Jong, 19~2). This 1eads 'to decreased photos~thate production becaule 

at extreme1y lov 1eaf water potential~, vhich occur vhen the stométal 

resistance 1s great, C02 uptake is 1imited by enzymatic react~ons 

associated vith photoaynthesis (Dennis et al., 1985). 

Soi1 mo!sture stress at Any stage of grovth decreaaes yield for both .. 
grain and stover (Datsur and Desai, 1933). Soil moisture stress reduce. 

\ 0 

photosynLhetic activity, since it is re1ated to water content per unit of 

leaf area (Dastur, 1924). 

" 

" o 

" o 

o , " 
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Lack of mol.ture reduce. root growth and prevent. normal plant grovth 

and act1v1ty (G1ngr1ch and au •• el. 1957;-H1rreh a~ ~.tch •• on. 1973). 

aeduced moi.ture condition. 1.d ta a decrease in root elongation. as it ia 

in part a hydration proce •• (Peters, 1957)~ The increased shear strength 

of .oil at lov soil moiature vill further reduce root elongation by {n-

crea~g mechanical impedance (Barley, 1963). 

pronounced as the 80il ~lk density increases 

This red~tion becomes more 

(Mirreh and Ketcheson. 1973). , 

Soil moisture affects the parametera involved in the mechanism in 

nu;~uPtake by the plant roots. These are root growth rate, nutrient 

movement \0 the root by diffusion and mass flow, and nutr~ent absorption 
~ 

aocording to theoconrent~ation in the soi1 solution and the root surface 

(Barber and'MacKay, 1985). ~wer moisture reduces P diffusion, the 

principal mechanism for P movemen~ through the soil to the root surface 

(Barber et al., 1963; Mahhab et al., 1971; Hira and Singh, 1977). The 

increase of theDeffective diffusion ~oefficient vith increase in the 80i10 

moisture content -:la due to a decrease in tortuosity and an increase in· the , 
cr98S Be~tion of the pathvay for diffusion. The detrimental effect of lov 

o c 

soil moiature on P and K uptake on a plant (corn) can be offset in p3rt by 

inc~easing tte initial P c~nce~tr~tion in the soil solution (Cli)' Under ~. 
verY dry conditions, however, Aina (1980) found that added ferti1izer Kvas 

of little benefit. 

2.1.5.1 Critica1 stage. 

Stresslng wheat for vater at jointing resulted in fever days from 

• planting to flowering, shorter plants, more 1odging, lower grain 

G 0 

'., 
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~lu.e-veight, fever heada per unit area, end faver ••• d. per h~.d. 

S~lar resulta vere reported by Johnson (1953) for vinter wha.t. A nuaber 
• 0 

of reaearchera (Môllboga, 1928; Kezer and Sackett, 1931; Robert.on .t al., 

1934\ Azzi, 1952) vorking vith irrigated wh.at concluded that the moat 
e fi 

critical period for vater vas during headillg siage. 

2.1.5.2 Vater use efficiency , 

Water u~efficiency ls deflned as the mass ratio of crop yield to 

vater use (Viets,' ~962; Yates and Taylor, 1986). Dennis et al. (1?85) 

defined water use effieieney as the C02-vater flux ratio. Water uae 

effiëtency deflned in ~is manner ls referred to as transpirational vater· 

efficlency (Zur and Jones, 1984). Shih (1983), on the other hand, defined 

vater use effieiency as the ratio of water-to-freSh biomass or 

water-to-marketable yield. The yield can be characteri.ed byfthe end 

product of a plant (gr~ed, Lint, etc), by the vegetative eomponent 

(leaves, stover, etc), or by the combinat10n of both, representing the 

total biologieal yield. The yield can also ~e charaeterized by C02 flux 

(photlsyhthate yield). The amount of vater used ean be characterized by_ 

the vaéer stored in the plant dhd. transpirati~n, i.e. evapotranapiratlon. 

The total water balance 15 generally ~etermined by the soil vater balance 

(Howell and Hiler, 1975). The expression of water use effieleney by Hovell 

et al. (1975) 18:'" 

WUE -. __ {2.13] 

Et 

vhere, 

o 

~" 

., 
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"VUE - vat.r u ••• ff1c1ency, ka ha-1 II1II- 1 , 

y - gr.in ~ield, kg ha-l, 

Et - th ••••• on.l vater u.e, ... 
/ 

o 

)' 

Et - S"l - S"2 + Il + Irr + D - Q , 

initial loil ".ter content, mm, 

th.~nal vater content, mm, 

total ~~rigation, mm, 

, , 

[2.141 

D root zone drainage ("+' upward flov to root %bne 

or "-" downward flow from root zone), 0 0 

.Il 
Q - the field runoff, mm, 

Ir - ~nf'al1, mm~ 
J 

Theoretlcal jus'tifieation for a constant erop-dependent WUE is --based 

on the faet that solar radiation is the dominant factor in~luencing both 

transpiration and photosynthesi8 (de Wit, 1958) and that both procasses 

tak. place through the stomata. ' Howev~r. despite the york of de Wit 

(1958), Arkley (1963) and Bierhuizen and Slatyer (1965) to correct for the 

effects of climate by daily free vater evaporation, avera~e air relative 

humidity value and a repreaentative seasonal average of vapor pressure 
o • 

• 

defieit. the WUE efficient 1s neither unique ~or give~ crop no~ ind~pendent 

of climatic conditions (de Wit. 1958; Arkley, 1963; Bierhuizen and Slatyer, 

1965; Hanks, 19'83). 

It ia generally accepted that both dry matter yleld and cumula~lve . 
transpiration are time integrals of photosynthesis and transpiration (Zur 

) 
\ 

\ 
1> o 
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and Jones, 1984). Bierhuizen and Slatyar .(196') .era amona th. firat to 

propos. an expression for the lnstantaneoua vater uae .ffiel.ney (VUEt) of 
<$} 

single leave •. 
-'\ 

cn k 
VUEi - __ _ - [2.16} 

TB. 

where, 

CER - net C02 exchange rate, 

TR. - transpiration rate ,_ 

<e* - e) - vapor pressure deflcit of the air, 

k - crop dependent constant, o 

- bo~dary laye; reslstance to vater vapor diffusio~ 

- stomatal diffusiv'e resistance to tralllspiration, 
'1 

~ r'a - laminar air resistance to C02 diffusion, 

r'c - stomatal resistance to COZ diffusion, . 

r m - internal or mesophyll resistance to C02' 

The r m is assumed to be constant and small except under severe vater 
o 

deficit. The ratio of the resistances to vater and C02 diffusion' ia 

expected to be constant under normal conditions and VUEi is reduced to: 

CE - k' 
~ 

/' 
,Tanner and/Sinclair 

\ 

o 

TR / <e* - e) r 

1 

[2.17] 

[2.18] 

(2.19], 

(1983) extended the B~erhulzen and Slatyer (1965) 

equati!)p t'p a canopy buis and proposed a tbeoretical expression for 
•• ,/.~ 1 

~âÎcu1ati tbe crop dependent constant, k'. They also extended the 

;...-" ---

o 

; 

. ' 
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CI 

, 
validity of eq., (2.16) for in.tantaneou, VUEi to dai~y and leasanal VUEi 

and found good aareement betveen computed and mea'Ùred values of k'. 

CEl and Tl are .en.itive to a' variety of environmental conditions. 

Both 

Condition. vhich cau.e & differênt change in CER than in T.R vould result in 

.. change in the WEi as vould changea in (e* - e). 
1 

~i ia constant under & ~~nge of standard conditions where CER' a~d TR-

change .imilarly in re.ponse to environmental changes, 
<, 

(CER) a d(TR) - (2.20] 
dx ch. 

where, x ia an environmental parameter and a ia a constant. This applies 
t;9 

to conditions of clear skies during noon hours and for fully open stomata. 

WUEi vill tend to increase, 

d(CER) 

dx 

a d(TR) 
>-------.. 

dx 
[2.21] 

when CER increases more th an TR, such as under condition~ of improved light 

penetration into the canopy, elevated C02 ~ontent, high frequency 
o 

irrigation, and high nitrogen levels applied to the crop, under controlled 

con~itions of hi~ light intensity and lov ~apor pressure defic{t, and for 
o 

cropa vith a lov internal resistance to C02 diffusion. WUEi vould tend to 

d(CP) l 
<-----

a d(TR) 

dacrease, 

.\j' 
whan the crop is exposed to vater pr nitrogen stress, during 'advective 

dx dx 
[2 .. 22] 

.. .,... 

conditions, vith a high vapor pressure deficit conditions (Sinclair et a~.,' 

1975; Baldocchi et al., 1981;'Zur and/Jones, 1984). Negative vater use - " 
o 

efficienciea indicate a net 10ss of C02 from the crop cànopy'W\lle 

transpiration vas still oêcurring. 
\ 
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..:;> 

Vater uae efficiency c.n alao be incr •••• d by (1) incr •• aina yl.1d and 

o maint.ining equa1 v.ter uae -or (U) maint.1nina .qua1 yie1d .nd decr •• aina 

vater use. Yie1d can be' increaaed by bette?!' methoda of peat and ,diaeà .. 

control and plant breeding. Some of theae practlces vill inv.riably caus. 

some change in the vater use patterQ, vhich vill a180 diiectly .ffect vater 

use efficiency. lncreasing vate~ use efficiency by increasing crop y1eld8 

through decreasing the crop evapotranspiration Is valid for vell-vatered 

crop regimes, as plants growing in the field are subject to an externally 

imposed evaporative demand, This approach, however, does not fully explore 

the possible implications of limlted irrigation. in regions of short and/o~. 

costly water supplies (Howell and Hiler, 1975). 

Haximizing WUE~ay not be desirable since cr s grown under dry land 

'conditions frequently use water more efficiently th n "well vatered" cropa, 
, 

but at much lower levels of production. ds are aeldom 

desirable from an economic viewpoint, since either r sources, fertilize~ - . 
and disease control, labor, ~tc, are not utilized efficiently. However, an 

. 
"optimum" VUE - maximum rie1d subject to local constrainta of water :I.a the 

des irable goal. 

..' WOEi exhibits a diurnal pattern both fo~ the w~t and dry cycle 

conditions. Diurnal changes in a water-stressed crop are characterized by 

progressively lower WEi (Sinclair et al., 1975; Zur and Jones, 1984). 

Lo~cr WOEi values are due to a decrease tn CER in reaponse tp the decre ••• 

in radiation flux which i8 larger than tfiè corresponding deerease in Ta. 

In addition the decrease in WUEi 1. due to·an Increaae in leaf tempersture .. 
assoclated with stomatal closure, re@ulting in an increased leâf to air 
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f \ 
vapor pre •• ure aradient"vhlch tend. to counteract the effect_of a decreaae 

in Ta a. a re.ult of incre •• ed .tomata1°re.i.tapce to C02 diffusion. The 
, 

hiaher value. are probably due to a faster increase inothe radiation flux 
) 

t~n .i~ temperature and ~apor pressure deficit, resulting in CER 

increaa-ing faster than the eorresponding TR. val~es. The WEi decreases . 
vith increaBing stomatal resi8tance undér strong irradiance or water stress 

! 

(Zur and Jones, 1984; Dennis et al., 1985). A strong correlation vas 
o 

obBerved b~tween the C02 flux and the water vapor pressure deficit (Zur and 

Jonel, 1984), although this effèct appeared ta be an aretfact of stomatal 

closur. (Dennis ~t al., 1985). After correction for t~e water pressure 

deficit, Zur and Jones (1984) found a quadratic relationship (R2 - 0.86) 
c • 

between CER and TR / VPD especially for midday values. All linear and 

quadratic terms had a negative i~tercept sugg~sting the following 

'relatlonships 

CER • k' (TR / VPD) - C [~.23] 

where, 

VPD • vapor pressure deficit 

• • The negative y intercept suggests that belov a certain value of TR, CER 

, becom88 zero and even negative, while TR Is still positive. Under .. 
conditions of severe water stress, there ls a significant l~creàse i~ the 

, 
internal resi~tanc~ ta C02 exchange above that of stomatal ~esistance . 

Shih (1983) found the VUE ta be inversely re1ated ta the water table depth. 
o 

o The study of Singh et al. (1979) showed the apparent vater use (tonnes ha- 1 
o 

of grain p~oduced cm-lof water) by wheat increased vith an lncreasé in 

• . -
.. 

o 

J 
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' .. , 

o ~umber of irrigations. The v.ter uae .ffieieney (luer •••• ln yl.1d ca-lof .. , 
, vater) decre.sed vith lncresae in number of irrig.tions. 

2.1.6 Yield-proteiD relationahipa in wbeat graiD aa affect.d by 

nitrosen and water. 
o 

Increases in yield caused by nutrienta other than N, h~gh leeding 

rates, vater or other factors have usually caused decreasea in proteln 

~content of the grain. This results from the dilution of a given Qmount of 

N ru the crop by the higher yields (Terman et al., 1968). Terman et al. 

(196~) showed a highly signifieant inverse relationship between N content 

of wheat grain and applied water. The chief effect of applied N vith 

Adequate water was to increase yields vhile that of severe vater deflcltl 

was to increase protein.content. Only vhen N i8 absorbed in excess of 

o ~ 

vegetativ~ needs do~s an increase in protein content ofjEorage and grain -.. occur. 

2.2 Efficiency of Fertilizer N f 

Nitrogèn fertilizers are the most videly used fertilizer materiala and 

are applied 'in large amounts. They are also susceptible to loa~ea by 
. 

leaching and by gaseous losses in the field through denitrifieation, 

volatilization and loss from plant canopies. 

Efficient fertilizer practices atm a~ msximizing the utilization of 
o 

applied fertilizer by the erop in the most economie vay for optimum crop 

" produetiun. This requires evaluation of the actual uptake by a crop a. ~ 

function of different management praetleea luch as: 

a. T!me of application, 

o , .b. Rate and metbod of placement, 

, . 
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c •• atur. of f.rtl11z.r, 
- . \ 

d. Irr1aatlon .chedul1ng and fr.qu.ney, 

•. So11 and cl1matic conditions. 

2.2.1 Lo •••• of • 

Kany laboratory and greenhous. .tudies have shovn that ~osses of N 

from 80t18 may occur under a variety of èonditlons, the amount lost 

depending mostly upon the form of N added, pH, mo15ture content of the so11 
p 

j 

and degree of aeration (Carter et al.', 1967). 

2.2.1.1 Là.s of ft through vo1ati1ization 

. Nitrogen 10S8 through ammonla vo1atl1ization 15 imp1icated ln some 

8tudies. Volatilization of NH3 can be regarded as a chain of events the 

overall rate of which can be contro~led by Any one link in the chain of 

eventa repreaented (Vlek et al., 1981) by 

~4(aq)-------> NH3(~q) + H+-------> NH3(g~-------->oNH3(at~). 

Where NH4(aq) depend5 on the 50i.1 cation-exl!hange reactlons (Fenn and 

Kilsel, 1976; Fenn and Escarzaga, 1977) and net mineralization. 
tI 

Ammonium containing or forming fertilizer salts vill react with 
V 

calcareous soila to form (NH4)2C03 and calcium precipltates (Fenn and 

Kilsel, 1975). 

folloys: 

The (~4)2C03 formed i8 uns table and decomposes as 
'/, 

[2.4] 

Ir:? 

o 
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Ammoni, 10 •• 1. ireate.t from ammonium fertl1i.lr aalta. vhicb r •• ct vitb 

calcium carbonate to fqrm praclpitata. of lov aolubillty (Fenn and 11 ••• 1. 
- . 

1973). C02 is lost from .olut1on at • fa.ter rate than NU3. ther,by 
~ 

producing additional OH- and more NH4+ becomes e1ectrically b.1ancld by 08-- . 
-

which-would favor NB3 1088 as follows (Fenn and Ki •• el, 1973; Woodman •••• 

1978; Stillwell and Woodmansee, 1981): 

[2.25] 

The ammonium volatillzation capacity depends on the buffering capacity. 

of the system. The volatilization procesa will,continue if the. sy8tem ia ""\ 

a1ka1ine and contains the buffering substances to perpetuate the 

vo1atilization process (Vlek and Stumpe, 1978). Urea is lost from all 101ls 

irrespective of pH because, upon hydrolysls, lt serves as an effective 

alkaline buffer (Vlek an~ Stumpe, 1978). Loss of NH3 is ~ccompanied by an 

equiva1ent 10ss of alkalinlty, and dep1eti~n of alkalinity vill torminate .. 
• 

the ammonia volatl1izatlon procass 
~ 

(Vlek and Stumpe, 1978). 

Many studies have shown that, the higher the pH, the greater 1& the 

NB3 loss (Chao and Kroontje, 1964; du Plessis and Kroontje, 1966; Stillvell 

and,Woodmansee, 1981). du Plessis and Kroontje (1966) found a large . 
increase in NB3 lOIS vith pH lncrease from 4.5 to 7.1. Chao ,nd Kroontje 

(1964) showed a 40\ lncrease in NH3 evolution vith a pH from 7.A to 7.8. 
~ ~ 

This effect was greater for alkaline-soI1s with a high clay content. 
(} 

Signi~icant amounts of NH3, however, mayoe lost at soil pH value. a. 

'lovas 5.5 if large amounts of urea or NH4+ salts are surface applied or ~ 
." 

high i~cubation temperatures are used (Ernest and HAI.ey, 1960; du Ple •• l. 

and Kroontje, 1966; Blasco and Cornfield, 1966) . 
-r --,p-

" 4 
" "\ 

'Il 

.. 
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2.2.1.1.1 Bffect of l1li.4+ CODc81ltratd.0Il " 

The amount of NU3 .volv.d incr ••••• vith incre •• tna rat. of NU4+-R 
.. 

• dd.d but th. proportion of ada.d N volatil~z~ng •• RH3 ia constant (Martin 

and ebapman. 1951; Chao .nd Kroontje, 1964; Hargrove et al., 1977; Vlek and 

Stumpe, 1978). Other investigators have reporte~ that the proportion of 

.dd.d NH4+ or urea N evolv.d a. NU3 increases vith fertilizer addition' rate 

(Wahh.b et al:, 1957; Overrein a~d Kore, 1967: Ba1igar and Patil, 1968) .. i - '. 

The aame authors concluded that the addition 'of NU4+sa1ts which form 

.oluble pr~cipitates by reaction w.ith CaC03 is of critical importance in 

determining both the total NH3 losses and the proportion of added NU3 

loases and the proportion of added NH4+-N evolved as NH3' -The 

concentration of NH3(aq) increases about ten-fold per unit increase in pH 

~ . up to pH 9 (Vlek and Stumpe, 1978,- and approx1ma~ely linearly vith 

tempe,rature (erasvell and Vlek, 1980). 

Chao and Kroonbde (1964) observed that the water loss rate was 

conatant vith tlme, whereas NH3 volatl1i~ation decreased vith time. 

Substantial NU3 loss occurred vithout drying but greate~~3 volatilization 

took place vhen sl~w drying of so11 occûrred. The process of drying 
- r Q .., 

increased the NH3(aq) concentrati'on in the soil ~olut.i:on;:-and prevented 
,., '... 8 \ - , 

'\, 
nitrification of NH4+. Very rapid drying of soil resulted in low losses of 

applied urea N because of the moisture requirement for dissolution of the 

fertilizer and hydrolysis of ur.ea. Essentially n~,NH3 losses are observed 
. . 

vhen dry fertilizer ia added to soils of low moisture content or when 

fertiliz.r solutions are applied to verY, dry soils. 



o 

}', 

0, 

o 

, , , 

.. 

-37-

The rate of NB3 10.. from a .olution i. proPortional to the parttal~ 

pre.sure gradient of NH3(aq) and NB3 in the atao.phere abave th. lolution 

(In~e et al.. 1975; Vlek et-al .• J.981). Condition. of 11ght 

precipitatio~. which provide moisture Adequate for urea hydroly.i. but 

• tnsufficiant t~ laach ura., ra.,.. in tha 3ra.t •• ~. of NH3 

(Bouwmeester et al., 1985). This resu1ta in the development of high 

-
concentrations of ammoniacal N at the 80i1 8ttr!ace providing a condition 

which is the main driving force for ammon~a volatilization (Boumeester et 

al., 1985). 
r . 

Placement or leaching of urea be10v the depth of poasibfe 

capillaty movem~t to tne ~urface will greatly reduce NH3 losa through 

volatilizatlon (Fenn and Mlyamoto, 1981). 

The rate of NH3 10ss depends on the CEC. The higher the CEC the 

greater ts the proportion of added NH4+, vhich wou1d be present on the 
\ 

exchangeab1e complex', and less NB) would be present in soil solution 

(Vahhab et al., ~957; ~erma et al, 1974; Fenn and Kiasel, 1976; Gandhi a~d 

Paliwal, 1976). The nature of the exchange complex affect NH3 

volatl1ization from soil. Martin and Chapman (1951) reported higher lo.,.s 
# 

of NU3 from K+ and Na+ satur$ted than from Ca2+ and Mg~+ saturated .011. 
, ~., + + 

~parently as a result-of the higher pH ~f K and Na 80ila. 

2.2.1.1.2 Effect of organic reslda.s 

The effeet of organie residues on volat:\tzation la inconsistent and 

largely depefids on the nature and rate of organie re8idù~-added (Volk, . 

1959; Mayel~t al., 1961; Moe, 1967; Volk, 1970; Khan,and na.hid, 1971; 

'" .. 

\ 
L 
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Watkin. et al., 1972; Va,ru .t al, 1974: (lashid, 1977). 
, \ 

2.2.1.2 leductna 10 •••• 

Mixing neutral NH4+ laltl or ac~difying reagent" such as H3P04 "or 
q , 

NH4H2POH4, vith urea prior ta their addition ra the sail surface markedly 

reduce. NU) volatilization (TermAn et al., 1968; Bremner and Douglas, 1971; 

Watkin. et al., 1972) Inclusion of NH4H2P04 at a rate of 30\ of N in a 

fertiUzer mixture markedly reduced NH) l,osses vhen (NH4)2S04 or NH4F 

mixt~ vere added ta calcareous soils (Fenn, 1975). Mixing NH4N03 vith 

urea reduced NH3 volatiliza~ion relative ta the application of urea alone 

(Kre~ge and Satchell, 1960). 

2.2.1.3 Los. 1 of B through denitrifieation 

Extensive losses of 15N in the field experiments a~e often attributed 

\ -ta denitrifieation despite the lack of evidence of such a loss (Broadbent 
,--

and Clark, 1965; dAllison, 1966). Denitrifiea~ion is the reduetion of N03-
~ 

ta N02- and ta gaseous forms pf N. N20. NO and ~2 The most probable 

pathway ~pading to these losses (Payne. 19}3) is as follows: 

+4lt 
HN03 -----> 2HN02 

-H20 
Dissimilatory nitrate 

+2H +2H +2H 
~·------>2NO--------->N20 --:------> N2 

-H20 -H20 -H20 
reduction as defined by Verhoeven (1956), 

[2.26] 

Fewson and 

Nicholas (1961) and Campbell and Lees (1967) embodies n6t only the , 

conversion of N03- t~ N2 and N20 but also the reduction of NOl- ta NH4+ 

under anaerobic conditions. The conversion may involve the following 

sequence of reductions (Campbell and Lees, 1967): , 

d 

.. 
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~ H2N2,02, ---> N10 _ .. > N2 

o 

2N03- ----> 2N02- --->. 2[HNO) (2.27) 

2NH20U ---> 2NU4+ b 

A4s1milation of hydroxylamine (NH20H) and NH4+, by mlcroblal cella may be 
o \ 

\ 
considered an extension of patbvay (h) in eg. [2.27]. 

~ -
N03- reduction to NH4+ may be a significant process in some loils but. 

" not in others as also suggested by findings 6f~MacRaè et al. (1968). 
o ' 

Ammonium accumulation accompanying nitrate dessimilation in soil. ia a 

nitrogen-conserving process and should not be ignored in nitrogen balance 

investigat.ions. 

f '~-
Denitrification occurs when dis50lved oxygen i5 limiting in soil 

solution at bigh respiration rates or at moderate to low respiration ratea-

when so11 ~ater films are ~hlek enough to reduee oxygen supply by 

diffusion:~\llot and, patriC~(1972r foun«4.that the critical air-fUled 
" 0 . 

porosities below whieh denitrifieation beeame signifieant ranged from 

11-14% in several solls. ~The finer the soil t,xture, the higher the 

critical air-filled porosity. 

" 

Although soil water cont~t may be useful for predicting the potential 
r ./ 

( 

for denitrifieation, Craswell and M~rt~n (19ï4) found no signifieant 

denitrification in a wel1-structured clay even ~ith moisture contenta of 

abÔut 90\ (by weight). Only at moisture contents greater than 100\ did 

they record signifieant denitrifieation. Volz'~t al. (1976) found that 

during the early~geS of an irrigation :vent, root uptake of N03- vas 

favored by aero~is conditions so that plant uptake vas 50i of the total 

N03-' After several hours of ponding, the decriased 02 av~11abillty ln the 

root zone inhibited root uptake and enhanced microbial N03- util~zi~fbn, 'Q , 
1 

that mic~obial blomass accounted for 90\ of the N03- di.appearance. 
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"' 2.2.1.3.1 Iffect of organic .. tter 

Denitrification i~ .trongly dependent on the availability of organie 
( 

compounds (Bremner and Shav, 1958; Burford and Bremner, 1975; Stanford et 

al., 1975; Brar et al., 1978). The presence of ample organie compounds can 

a180 cause rapid oxygen consumption and possible depletion in soi1 
/-~ 

microenvironments, thus ~ndirect1y enhancing the potent~for 
denitrification. Such microsites have been postulated by many worke~ 

pockets ~f intensive respiratory actKlvity rather than passive anaerobïosis 

(Craswell and ~rtin, 1975). Even in arid regions poor oxygen supply to 

soil aggregates could result in locflized ana~robiosis and denitrificati~ 

(Allison et aï., 1952; Burford and Millingt~n, 1968. Dowdell and Smith, . 

1974). 

The rate of denitrification is affected by the Jo3- level when C is 

not limiting and N03- levels are lower than 40 mg kg- 1 (Stanford et al., 
o 

o 
1975), while no effect of N03- is found in a C-limited sy~tems or N03-

.concentrations above 40 mg kg- 1 (Starr and Parlenge, 1975). 

Ryden and Lund (1980) reported that peak denitrification rates 

oecurred between suctions of 50-100 mbars and that above 250 mbars the 

rates were quite low. The various redox potentials at which 

denitri!icàtion has been reported to be significant range between 300-65OmV 
J 

(Ryden and Lund, 1980; Bailey and Beauchamp, 1973). 
u J ( 

2.2.1.3.2 Effect of pH 
{] 

There is little effect of pH on denitrifieation in the rela~ively 
'0 

neutra1 pH (6-8) of soi1s (Khan and Moor~, 1968. Vijler and De1viche. 1954; 

Burfftd and Bremner. 1975).1 Denitri~icatiOQ is genera11y lower at pH less 

.. 
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than 5. Signifieant "1081 of N, however, ean oceur at pH leu than 5 

(Ekpete and Cornfield{ 1965; ~an Cleemput ànd Patri~, 1974: Gill1am and 

Gamrell, 1978). The ,lov rates of denitrifieation et extremely lov pH 

(3.5-4.0) are possibly du~ to: 
~ 

a) microbial species vith lov pH tolerances, 

b) a general population ~ith~eutral growth optima that functiona 

pooà at low pH, 

c) dirlc effect· of soil solution or from pH inducine deficienciea 

or toxicites. 

2.2.1.3.3 Effect of temperature. 

Denitrification occurs slowly at 2 Oc but inc~eases strongly with 

temperature, the optimum being 25 Oc and above. The transformation is 

still rapid at tempecatures of 60-65 Oc but not at all at 70 oC. This 

indieates that an active thermophilie denitrifieati'on flora exista. 

• Qenitrification was higher in a planted than unplanted soils in the 

presence of sufficient NO) -. but when NO:) - availabil1ty was low. the 

presence of plants decreased denitrifying aetivity (Stefans~on., 1976; ,Smith ,.. 

\and Tiedje, 1979). Owens (1960) reported loss of N through denitrifieation 

of uncropped soils to range from none to 80\. Denitrification rates are 

pro~b)Y drastieally redueed by plant cpmpetition for N03 - as wel~ as 

re~u~on of ari~erobi~ volume resulting from deple~ion of soil moisture by 

the growing plants to leve,la below field capacity. 

2.2.1.4 Gaseous nitrogen los ses fram loils through nitrite reactionl. 

nlere is evidence that N can be released to the atmosphere by 

jO 

) 
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a 
non-enzymatic decompoaltlon of N02-';' Some of the 10 •• mechaniams may 

• 
lncluae t~e follov:ng: .. < 

1. The van Slyke reaction, defined aa the react~on betveen nitroua 

Reid and -amino acids, 

,( 
t' , 

3. Self deeomposition of HN02 at pH values belov 5. ° with resultant 

2. Formation and decompositio~ of' NH4N02' 

formation of NO plus N20, 

4. Dissimilation of NOZ- by reducing organic compounds, .. 
\l, 

5. Fixation of N02- bYoredueing organic matter and partial c~nversion 

( 6. Catatytic reaction of N02- with reduced transiti~nal metals such as 
1 

o 
Cu, Fe and Mn. 

The van Slyke reaction loss mechanism is rarely if ever important in 

80ils (Allison and Doetsch, 1951; Allison et al., 1952). Self 
# 

decomposition of nitrous aeid is only occasionally important and oniy in 

aeid soUs o'f low exchange capacity (Gerretsen and de Hoop, 1957: AUison, 
t'-

1973) . 

Formation and d~comrosition of HN02 may be the major channel of loss 

v~lization an~ biolo~ical denitrification. Nitrite 

doe8 in soil. When, however. fertil~zer materials 

such ammonia or diammonium phosphate are 
. 

applièd at high rate~ or when t ey are applied in bands. tbey create 

high NH4 + concentrations 

Accumulation of nitrite 18 

localized :icrosites with balie p and 

irrespeetive of the original rU1k p 

~ ______________ ~a~t~t=r~bute~praSsiv~-e~fect 0 èoncen~rations of NH~+ salts 

• 
<, 

c 

• 
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at the alkaline so11 pH values on the Bitrobact,r group of orSlniama 

(Tisdale et'al., 1985). 

Loss of N as N-O compounda and a. N2 can a180 occu~ by the chem~cal 

reaction between HN02 formed during nitrification and th. NH4+ pre.ent in 
". 

o , 
soil solution when the buffer capacity of the so11s and the pH of the .011 

drops below 5.5 during nitrification. The la~gest lo.ses of N are likely 

where there are high concentrations 0~92- and NH4+ thr9ugh initial 

addition or desiccation or where both nitrification and ammonification 

proceed vigorously (Wahhab and Uddln, 1954; Gerretsen and de Roop, 1957). 

'" All1son and Dietsch (1950) underesti~ated the 1085 of N due to this 

reaction especially if the process last~ several~eeks instead of hours. 

In som~ aCi~J~oilS (pH 4.0~4.5): hovever, cons~derable loss of N has 

been observed vit~out the soil passing through a de~reasing series of pH 

(Gerretsen and de Hoop, 1957). Loss of up to 74\ of the (NH4)2S04 added 

wa~ observed in pot experiments vith ac1d san~y so11s from d1fferent parts 

of the Netherlands (Gerretsen and de Roop, 1957). 
o 

2.2.1.5 Loss of R through chemodenitrification 

LOts of N from N02- by chemodenitrification has been shown to increese 

-
~ith organfc ma~ter conte~~and Clark, 1960; Reus and Smith, 1965). 

The reduction of HN02 to N2 a~~ supposed1y takes place under'mildly 

acidic and acidic conditions at phenol1c sites of org1n1c mat~,er vith 

nitrosophenols as intermediates. The nitrosopheno1s are believed to 
o 

" " 
tautomerize to quinone oximes, vhich subsequently reduce some of the HN02 

~n to N2~ or N2' N ca~ 41so ~e lost through the decompo:i:lon of the diazo 

o 

J 
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group in the diazonium comeounda (Horel and Sisley. 1927; Philpot ana 

Small. 1938, Bremner. 1957). 

2.2.1.6 Fization of R by orgenie aatter o 

The amount of added N02--N which is fixed increases vith a decrease of 

soil pH. an increase in organic matter and an increase of N02-
~ 

concentration (Smith and Chalk. 1980b). The 1ignin;derived fraction of 
o ' 

1 
J 

sail orgariic matter ia responsib1e for N02- fixation and the machanism for 
• 

fixation involves formation of nitroso groups on phenolié rings (Bremner 
\ 

and Fuhr. 1966). Nelson and Bremner (~969) demonstrat~d that a vide 
Cb 

variety of soils having pH values as 'high as 7.8 are capable of fixing 

N02-. that air drying soil promotes N~2- fixation and that addition of 

CaCQ3 markedly reduces N02- fixation. 

2.2.1.7 ~mportance of nitrite reactions in nitrogen Losses from soils 

Th're S88ms to be Little 108S of N from N02- teactions from neutral 

and alkaline soils that accumula te N02- during nitrification. because N02-

18 relatively unreactive at hlgh pH and Little N2 or (NO + N02)-N is 

evolved·. Smith and Chalk (1980a), however. fbund significant loss of N2' 
"' Q 

NO + N02 and N20 during nitrification of NH40H in alkaline soils. 

Losa of N through N02- reactiona ia much more likely during 

nitr~fication in acidic' soi1~. N02- accumulates i~ the periphery of NH3. 

N840H, ure~ bands and pril1s (Smith and Cbalk. 1980a). When N02- diffuses 

from the alkaline zone surrounding the band or prill into the surrounding 

acid soil. HN02 i8 formed immediately and reaeta vith soil'organie matter 

to liberate N2 and to be fixed r underao soil cSecomposition vith the .. 
l . evo1ution of 

-
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2.2.1.8 Loss of R thr~ plant canopy 

The amount of gaseous losa of N by wheat tbroug~ the plant canopy vas 
. 

estimated to be about 15\ (Carter et al., 1967). This source may a~count 

for some part of the widespread los ses of N found in many N balance 

studies. Other workers (Boftwright and Haas, 1961; Storrler. 1962: Bar1ey 

and Naidu, 1964) without the use of 15N showed that maturing crops can lose . 
extensive quantities of N. , 
2.2.1.9 Leaching losses 

Leaching is often'the Most important channel of N loss from field 

soils other than aécounted for in plant uptake (Allison. 1973). Losae. 

occur main1y as N03-, the movement of which is closely related to vater 
. 

movement, as rainfall or irrigation. 
/ 

N03- losses occur when (1) soll N03- content ls high and ( 
/ , 

water 

movement is large. As high as 85\ 15N was lost through in a htgh 

water control treatment whi1e the lower water treatment re about 85\ 
~ 

of -the lSN in mineral forms (Ro 

receiving high water and manure 

losses in a treatment receiving 

(Rolston et al., 1978; 1979). 

et al., 1978; 1979). A treatment 

more 15N (13\), with n l~achlng 

re wlth a lesser am t of water 

Tillage leads to loss of NOl- because It stimulate.~~monlfication of 

soi1 organic N and subsequent nitrification, leaves the soil bare for a 

period of time and.sets the stage for possible NOl- 1088 through leaching. 

Such losses of N on virgln grassland so11s were estimated to range from 30 

to 40\ of the total N ln the upper 30 cm of Boil under low eroaion 



( 

( 

c 

con41t1on. an4 up to 75' or more where .er1oul eros1on'had occurre4 \(JA~ 
\ 

and Heilinger, 1982). Losae. of N are leu under grasses or legumes! 
, " 

becauae lell N03- accumulates than under continuous cerea1s (Hens1er l and 
. 

+ttoe, 1970). In studies of leaching losses from lysimeters in relation to -

loil texture and drainage (Kolenbrander, 1972), losses from soil organie 

matter ranged from 45 kg N ba-1 year- l on sandy soils to 5 kg N ha- 1 year- l 

, 
on heavy clay soils. The differeDce was attributed to loss oy 

denitrifieation. 

Leaching losses are strongly inf1ueneed by seasonal factors, sueh as 

watar and temperature. In humid temperate zones, inereased m1neralization , 

*' after winter and subsequent nitri-fieation will result in signifieant 
l 

l~~ching 108ses of N03- below the root zone, if heavy rains occur before 

.pring planted erops are grow~ng vigorously. In humid areas, N~be 

removed from t~e soi1 profile by leaching, denitrifieation, or both, or it 

may aeeumulate in the soil profile and move downward into the groundwater 

depending on the soil, )limate, fertilization and management factices. 

Leaching losses also oce~r under subhumid conditions where summerfal10w is 

practiced. Summerfallow practices allowed deeper penetration of 

precipitation than was ~ossible before cultivation, resulting in 

mineralized ~oil N moving into the lower horizons. N03- leaching is ~t 

likely to take place during the summer (Allison, 1973; Chichester, 1977), 

when evap~tr.nspiration usual1y exceeds pree_ipitation, and plant uptake 
, J 

rates are higb. 
1. 

Also, a c~itica1 factor which determines the amount of N 

leached ia the ~ount of N remaining in the profile after crop harvest. 

) 
o 

" " ,- , 
H, 
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Leaching of N03- in irrigated agriculture depend. on the metbod of 

irrigation. Flood and sprinkler irrigation cau.e a .ore uniforœ dovnvar~ 

movement of N03-' Hovemen~ of N03- under furrov irrigation dependa on the 

method of N placement (Viets et al., 1967). ln studie. of McNeal and Pratt 

(1978), leaching losses from some typical Southern California croplanda 

ranged from 13 to 102\ and commonly averaged ~5 - 50\ of the applied N in l 

most cropping situattons. In the study of Pratt et al. (1976a, b), 

irrigation had little effect on crop N removals, but increased leaching 

losses. Use of liquid manure resulted in greater mineralization and crop 

uptake, greater leachi~g, greater gaseous losses, and less soil organic N , 
accumulation. 

Owens (1960) found that the amount of total N lOS~hrOUgh leaching 

was directly proportiona1 to the amount of spring moisture passing through 

the profile and nicrogen leaching losses were refle~ted in a reduction in 

the subsequent N uptake_by the crop. 

2.2.2 B upta1te 

Tracer and non tracer experiments revieved by A11ison (1966) indicate 

average reco~eries of fertilizer N under field conditions in a single 
, 

harvest to range be~ween 50-70\, 
1> 

Estimates of fertilizer nitrogen 
. , 

recovered by arable crops are not more than 20 to 50\ (Cooke, 1967; Carter 
. 

et al., 1967). A ~eview by Kundler (1970) of york utilizing l5N labelled 

fertilizer reports first-year recoveries in the crop of 30-70\, vith 1Q-40\ 

unaccounted for and presumed lost. The data of Hauck (1971) shov total 

recoveries of applied N in the crop and soil al lovas 60\ and as high a. 

110\. The near total recoveries of Crasvell and Martin (1975) of 15N 

• 
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balance experiment. are .imi1ar to other stu'ie.. Carter et al. (1967), 

Henzell (1971), Vallia et al. (1973). and Shields et al. (1973) reported 
~ 

recoverie. greater than 95\. In the first three of these studies hig~ 15N 

recoveriea vere found amidst extensive los ses in other phases of the vork . 
..---------' 

ln the vork of Carter et al. (1967), the recovery of l5N from field plots 

v.ri~d from 96.3 to 101.8\ and averaged 99.0\ of that of added N. This was 

the result of treatments, such as cropp1ng, time of applicat~on of N of th~ 
a Q 

two sources of N cested, the plot size, and exposure to natural rainfall. 

Portion of the remaining N vas recovered by subsequent crops. Another_ 

portion wa~probably 'lost through 1eaching beyond the root zone, or may 

have been incorporated in soil organic matter, and a portion presumably 

escape~ as gases. 

A number of lSN balance studies have shawn extensive quantit'ies of 

added l5N to be unaccounted for after so11 and plant ana~ysis. Greenhouse 

studies by Zamyatina ~t al. (1?6~) showed 30 to 70\ of the applied N was 

taken up by the plants, 7 to 45%_W6S incorporated into soi1 organ te matter 

and 11 to 15\ was unaecounted for.and presumably ~9st as gaseous nitregen. 

Hyers and Paul (1971) ~eported 64.4 to 83.8\ of the added N as NH4N03 was 
, 

reeovered by wheat indicating loss~1 of 16 to 36\ N possibly due to 

vola~ilization and/or denitrification. When 15N'labelled (NH4)2S04 was 

'Pplled to maize at 100 kg N ha- 1 41\ of the app~ied N was unaccounted for 

after 12 weeks. 

, Lossel of lSN have tended to be low in the humid and subhumid areas of 

Africa, averaging 20\ and 24\, respectively and were signlficantly less .. 
than the average.of 40\ focnd over a1L treatments and sources in Niger at a 

.. 

, . 
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'semiarid site (Vlek, 1985). The ~ov~,,~ol8e. ln the hWilld and aubhumld &on .. 

may be in part attributed to high:crop deoait! •• vbich can be aupport.d in --
the more moist zones and results in a high uptake of applied N by the 

.?lant. Plant uptake accounted for 4.5'~.of the appl~ed fertiliser N ln the 
.... 

humid zones com~ared to only 28\ in the semiarid zone. The living plant 

material acts as a sink for fertilizer N, trapping 'it and reducing itl 10 •• 

via volatilization or leaching. 
J 

~ ~ 
2.2 _ 3 lIethods of improving N efficie1lcy 

Response of wheat to a given application of N depends upon the 
• , 

availabi1ity of soil N and water. The merita of sylit application of N for 

increaaing yields seem to be larg~ly ~ependent on growth season and .oil 

conditions. Irrigated wheat grain yields have been increised by splittlng 

N applicati,ons between seeding aRd tillering or stem elongation (Vahhab and 

Hussain, 1957 ; Jaln et al., 1971; Hamid and Sarwar, 1976). Khalifà (1973) 

foundr~o apparent benefit from split N application at seeding and tillering 

vith different wheat varieties. 

Data ·from the four year isotope studies on vheat fertilization (I~, 

197't) in several countries, Arab Republic"of Egypt, Turkey, Pakiatan, . 
Lebanon, Peru, Uruguay and Romania under different climatlc conditions have 

. . 
generally shown split application of N to be superior in supplying N ta 

wheat. In Italy, where single application or N wai superior, pr~ciplt.tlon 

in the later growth stages wa~ insignificant to move N into the root zone. ~ 

In general, the two-split appLication was at least aS good as the , 
three-split .application for the carriers used. The tvo-split applic~tion . 

incorporates the two most ef~leient ttme~ of application. 'Theo.uperiority 

. 
• 
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of the split application va. mainly due to the higher uptake ~fficiency 

trom the nitrogen applied at tillering atase. , 
In the humid and .ubhumid zones of Africa the best combinatlon of N 

louree and management over all aites vas urea split broadcast treatment 

vhich gave both highest N uptake in the grain and lovest losses. Split 
~ 

application of calcium ammonium nitrate (CAN) a1so resulted in:high grain N 

contents and broadcasting was the best method of application to assure good 

N uptake in the grain. Over aIl zones, the point~laced urea (as urea 
e 

supetgranules) tended to do poorly' and performed s,ignifieantly more poarly 

than other sources in the semiarid zone a~ represented by the Niger site. 

Concentrated p~acement of urea in points or in bands mal Iead to increased 

leaching of f~rtilizer N due to limited aecess to the sorption sites of the 

.oil. The problem is acéentuated in ligQt textured soils (Vlek et al., 

1980; Hughogho and Bationo, 1985). 

. " 
Late applicatio~_~f nitr~en has araused interest beeause of the 

possibility of increa.sing pratein content and gr'ain yields. A signifieant 

"1 • increase in both yie-lds i,nd grain protein was obtained in winter wheat when ' 

N vas applied in late spring (John~on et al., 1973). Hammid and Sarwar 

) " (1976) reported that N applied at boot stage or late~ inereased wheat grain 

protein but not yieid. Early applications of N to wheat are effecttve in 

increasing grain yields, while later applieati6ns are reflected in 

increasad N content of grain and less e~feC>t on yiel:d.-

2.2.4 Kethoda of 15& aSBay 

Isotopes provide the-on1y dlrect vay of measuring thé uptake of a 
~--_ ... ~ ---"---,--

nu~rient from applled ferti1izers is affected,by timing, placement, 

'. 

l, 

\ 
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fertilizer lource, and environmental interaction. (hie" et al.. ·1975). 

These authora ~xtended the technique to measure effic~encie. without 

interactions as to form of N and, further. to permit the direêt 

quantitative m~asurement ofe interactions. The direct measurement af the 

nùtrient uptake from_a fertilizer has enabled the quantitative .eparation , 

of the two major sources of nutrient supply, i.e. the aoil an~. 

fertilizer.- Labelling with lSN permits more accurate evalua~ion of the 

contribution of ferti-lbers under test th an either yields or total nitrogen 

contents of the crop (Craswell and Martin, 1975). 

Conventional field experiments b~sed on crop yiel~ data, may or mayP 

not give reliable information (IAEA, 1974). The amount of ferti1izer 

nitrogen utilized by a erop, for example would be greatly underestimated in 

an experiment based on yield dataounder conditions vhere there ia no yield 
" .. , 

response to added nitrogen, and exaggerated under conditiona ofQaevere 

nitrogen deficiencY. 

In split applic~tion of fertilizers the efficiency'of nu\ri~nt 

utilization of each application relative to the others can be determlned. 
• J 

At each timeO of application, fertilizer tagged with 15N ia added in a 
1 

o .. separate sub-plot. In the case of a three-way split, three separate 

sub-plots are requiréd. wnen 15N tagged fertilizer ls not added for ~ 
givep application time, untagged fertilizer ia u~ed. Although three 

separate sub-plots are employed, in reality they ~ave the same treatment, 

the onIy difference is in the position of <the~abel. Thua it is po'sible ' 
04 

to study the effect of th~ time of N application bn N utilizat10n w1thout 

= 
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, 
the confounding effect of N'.upply on plant grovth and utilization of plant 

nutr1enta. 

2.2.4.1 '15. terainology 

The common vorking value in 15N tracer studies~is the "atom percent 

excess ~5N". This value is the percent abundance 15N in the sample (A) 

minus the percent abundance 15N in th~standard gas or in a controt sample 

vith the appropriate correction of the atom-percent l5N for the reagent 

blank (Rice, 1966). 

no. of 15N atoms , 

A -

no. of 14N atoms + no. of 15N atoms 

[2.28] 

where, 

1 
A - atom percent 15N. 

The ion current corresponding to mass 30 (15N156) ~in the mass 

spectrometer i5 not measured, as 62 is in equilibrium in accordance vith 

the equation 

[2.29] 

The~equilibrium constant of this ~eaction at rOOm temperature is 4: 
\ ~ 

- 4 [2.30) 

Hence, 
, 
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[2.31) 

[2.32) 
mass 2~ 

of atom percent 15N by emission apectromet~y. nitrogen gaa 

at a low pr ure in a glass discharge tube is excited by radio frequency 

energy. The wavelength of light emitted ia related ~o the isotopfc form of 

n!trogen (Jones and Adam, 1975). Thus in the 2 - 0 band the nitrogen 

molecules 14N14N emit 1ight at wav~length 297.9 nm, 14N15N at 298.3 nm and 

15Nl5N at 298.9 nm. In the Statron spectrometer model NOI-5 utilized in 

part of this study, a rock salt prism monochrome ter ia fitted Vith an ~ 

automatic scanning' device .that traverses these· w"avelengths repeatedly at l 

min~te intervals. The monochr~met~r output is oetected by a 

photomultiplier and after appropriate amplification the signal ia fed to a 
il. 

chart recorder. The 15N enrichment is calculated from measurements of the 

relative intensities of the 14~14N and 14N15N peaks (eq. [2.32]) because 

equilibrium is established by the high-frequency source used to excite the 

nitrogen gah Atom ,15N is thel\~alculated from eq. [2.31]. 

The limited resolution of the instrument renders calibration vith 

known standards essential. Correction for background emission 18 a majo~ 

~ 15 problem at lov N abundances. One of the major adva~tages of the 

instrument i8 lower cost and the small sample size, typically of the order 

of 10 ug of N. Nitrogen gas i8 generated by the Dumas combustion or by the 

lithium hyprobDOmite oxidation procedure. 

Application of the final atom pe)cent exceS8 l5N value in the sample 

leads to: 
.€f14 

.. 

.. 
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, 
[2.331 

where, 

Nt - the quantity of labelled N present in any given fraction after 

some form of translocation. In a fertilizer uptake experiment ~t 

is the quantity of labeiled nitrogen present in any speci~c ,.~ 

fraction of the plant or soil where the labelled fertilizeu N is 

translocated. In a nitrogen fixation experiment, Nt i8 the 

quantity of labelled N in the organic matter which haspeen 

translocated from the labelled atmosphere or labelled fertilizer 

and labelled organic nitrogen source via microhial fixation. 

At - atom percent excess lSN in the sp~cific fraction which receives 

the translocated,nitrogen. Atom percent excess l5N is the' 15N 

enrichment, which gives the \ l5N above the natural abundance 
If 

0.366 (\l5N excess - \l5N abun~ance - 0.366). 

Nf - the quantity of the N in the specifie fraction which received the 

translocated N. 

~ - the a~om percent exeess 15N in the labelled nit~gen source, ie, 
.' 

fertilizer, fertililer-soil mineral nitrogen pool, atmospbere , 
etc. 

Where several plant parts are analyzed for atom percent l5N, such as 
, " 

stover, pods or seed. the weighted atom percent lSN for the sample ls 
o 

Atom\ lSN ex (A) * N yield (A) -+ Atom' lSN ex (B) * N yield (B) 

Av - ------------------------------------------~~~-- [2.34] 

N yield of (A) + (B) 
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t 

where, 

----1':-9" . 
Aw- veighted Atom\ l5N exee •• Of • amp le 

• A - plant part such as stover 

" B - plant part such as pods or seed 

2.2.4.2 Use of isotope derived criteria 

Isotope derived criteria commonly used to express results obtained 
, 

from soil-plant nutrition experiments involving labelled fertilizers .fall 

into two groups: . 

a) Yield dependent, and 

b) Yield independent factors 

The ;'ield independe~t facto,rs such as percent nitrogen derived from 

fertilizer <\Ndff) are ealeulated directly from esttnates of isotopie 

dilution. 

atom , lSN excess in plant sample 

'Ndff -
_______________________________ * 100 

(2.35) 

atom , lSN excess in fertilizer 

An assessment of plant yield is not required. The \Ndff provides a 

sensitive eriterion to assess specifie fertilizer management practicea. Of 

importance 1s the observation that identical conclusions can be drawn f'rom 

%Ndff values as ~g N ha- 1 taken by the crop for any one particular 

exper~nt" ttennie and Fried, 1971). This i8 a significant observation in 

t~in formal plot layouts, the labor inputs and costs illvolved in 

ob~aining a yield dependent function such as Kg N'ha- 1 uptake are several 

orders of magnit~greater than that required ta obtain 'Ndff. 

o , 
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• 
Hovever, when camparing resulta obtained from erperiments \arried ove~ 

several locations. the yield dependent criteria should be used. The 'Ndff 

values not only reflect ~he extent of isotope dilution of the applied 15N 

label- as a function of a single variable, such as different fertilizer , 

placement or form etc, bût also the influence of a ~umber of other factors, 

~hich may vary from one location to anQther, such as available soil 
. 

nitrogen, variable climatic conditio~s and different degrees of fert~lizer 

nitrogen-soil nitrogen interactions. The yield dependent criteria, such as 

"percent utllization of the applied fertilizer N" require in addition to a 

measure Qi isol:opic dilq,tion, an estimate of total y-ield, and' N in the 

plant. The percent utilization of the applied fertilizer nu~rient provides 

a criterion by which the performance Of one or more fertilizer so~rces or 

placements etc. can be evaluated. 

amount of ~ in plant derived from fertillzer 

FUE - ___________________ x 100 [2.36] 

fertilizer N applied 

where, 

FUE - percent utilization of the applied N fertilizer 

2.3 Utilization of Residuel Nitrogen 
cl < 

Leg~es are known to increase so!l N levels (National Academy of 

Sciences, 1979) and c9naequently t~e productivity of succe~ding cereal 

crops (Singh and Awasthi 1978). Senescent leaves add a substantial amount 
g 

of N to the soil. Reddy et a~. (1986) tndicated 50 kg N ha- l to have been 

added by senesced-leaves of t~opical legumes and to some extent ro~ts-/nd 

/ ,1 
1 ,. 

1. 
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nodules. Ladd et al. (1981) found after 32 veekt decompos1tlon.)60-65\ of 
( <\ (j 1 

the added 15N labelled medic remained in the loil1 (0-20 cm) ~.l5N 
labelled residues. After another 4 years the value. declined to 45-50\. 

" 140 and 15N biomass vas 8-12\ of the total residua1 organic ureaiduea. ,. 
J 

After 4nother 4 years the values dec1ined to 6 and 9\ of 14C and 15N 
Q 

labe11ed biomass respective1y (Ladd et al.; 1981). 

Wheat plants took'up only..10.9 to 27.3\. bf the 15N from previoua1y 
T' ~ 0 

-
added legume material. Grain lSN account~ for 51 to 70\ of the total lSN . 
recovered in the wheat: root lSN contained 3.5 to 7.2\ only, despite root 

N being generally of higher enrichmeut than those of grain N and straw N 

(Ladd et al., 19B,l). The amount of N of the soil profiles derived from 

min!raliZ~on of soil organic matter varied from 1.21 to 1,85\ for 

AuJtralian so~ls investigated (Ladd et al., 1981). The ~edic legume 

material thus contributed only small proportions of the available N pools 

after lS months of decomposition at the three test sites. The main value 

of the legumes in terms of supplying N to succeeding crops would appear to 

be long term, i.e., their capacity to maintain or improve concentrations of 

soil organic N to be decomposed a,t relatively slow rates in the following 

y~ars (~dd et al., 1981). 

2.4 Ritrogen Derlved fra. Rltrogen Fixation 

Lysimeter values of \Ndfa,have varied fro~ 38-70\ depending on loil 
. r ! . 

and plant growth stage and harvest. A high value of 67\ was found 1n the . --
field. Other studies using lSN isotope dilution have reported \Ndf. for 

Chappewa soybeans of 61% in Austria (Rennie, 1982), 50\ in Sri Lanka, 38' 
'\ 

\ 

J 
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, 
in the USA and 38\ in Hungary (Rennie et al., 1978). Ford 80ybeans had a 

'Nd fa of up to 60' in the USA (Dèib~rt et al., 1979) and Clay soyb~ans an 
. 

average of 37" (Ham and Caldwell, 1~78). An average eatimate of 'Ndfa for 

soybeans yould be about 50\ (Rennie, 1982). 

11' 

2.4.1 '-ouDt of n~tFogen fized 

Recorded values based on 15N isotope dilution indicate amounts of N2 

fixed are 92 kg ha- l in S~i Lanka and 108 kg ha- l for Ford soybeans in the 

USA (Rennie et al., 1978). Deibert et al. (1979) reported N2 fixed by Clay' 
1 

soybeans of up to 149 kg ha- l in the USA~m and Caldwell (1978) 

estimated that the amount of N2 fixed by ClaY\::YbeanS was 114 kg ha- l in 

the USA. The amount of N2 fixed by soybeans 0Jverage i,S approximately 

100 kg ha- l . 

The reasons for the ~ifferenee in percen 2 derived from fixation and 

the amount of N2-fixed ~re due to: ~i) differenee in potential for 

N2-fixation by different legumes: (11) suitabilft~ of the reference crop 

and time of harvest in N2-fixing systems, based on wheh enough N2 above 

experimental error has been fixed, (iii) temperature during the growth 

peridd of the referen~e and fixing crop, (iv) choiee of sampling material, 

(v) efficiency of N2-fixation by Rhizobium strains, and (~i) s~s of soi1 

N (Fried et al., 1983; ~itty, 1983). 
" 

2.4.2 Vae of 1Ss in biologieal dinitrogen fization. 

In the use of l5N for biologica1'nitr~gen fixation s~udies. Danso 

(1986) bas enumerated the advantages of the isotope dilution method: 

a) The isotope dilution method gives a truly integrated value for 

N2.~ fization in the field. 
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b) It ia the only method whiçh permit. quantitative leparatton of the 
,/ . 

contributions ~o plant-N of the 8011, fertilizer and atmoapheric 
• 

nitr~gen. 

c) The proportion of atmospheric nitrogen fixed by a crop can be 
a " 

determined, even if the yield cannot be measured becauae of damage 

due to disease, animals, soil, etc. 

d) Unlike the n.itrogen balance method it is not necessary to grow the 

control crop with zero or an unnatural low level of fertillzer. 

e) In plant breeding trials when the objective ls to breed for high8r 

nltrogen fixation eithe~ by breeding for superlor legume cultivars 

or selection of superior rhizobium strains, the N2 fixation method 

ca~ be used simply by comparing the atom 15N excess within 

treatments or among genotypes, without any need for a reference 

crop. 

2.4.3 Estimation of biologie.l dtnitrogen fixation (BNF) 

The most suitable methods of estimating N2 fixation are methods.which 

integrate N2 fixation over the growing season, i.e. nitrogen balance (NB) 

and the 15N isotope dilutl~n method (ID). The NB method ls based on the 

assumption that ·both fixing and nonfi:dng crops assimilate identical 

amounts of soil and fertilizer N. The difference in N yield is attributed 

ta fix~tion. 

Thus N2 fixed - N yleld 

J 

J 

ffs) - N yleld (nb) 

[(N yield (fs) - N yield (nfs)] * 100 

'Ndfa -
N yield (fi) 

(2.37) 
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where, 

f. ~ fixing system (crop) 

nfl - non fixing ayatem'(crop) 

'Ndfa - percent plant N derived from the .~osphere 

(fixation~ 

The ID technique of estimating biologieal dinitrogen fixation (BNF) 

epends upon differences in isotopie composition of the sources available 

for plant growth, 1,~., soil N, fertllizer N and atmospheric N2 (Bergersen 
\ 

and Turner, 1983). The differences may arise from small natural enrlchment 

of lSN in soil N, or from the addition of lSN enriched or 15N depleted . 
materials to the soil. l5N enriche~ fertilizer N taken up from the soil by 

the legume la diluted by fixed at~sPheric N2 of low naturai abundance 
", 

(0.3663 atom , 15N). 

Q~antifying N2 fixation requires reference to a nonfixing control 

plant. The estimation of N2 fixed generally involves 1abelling the soil 

with 15N (organically or inorganica1Iy) growing the 1egume along vith a 

nonfixing control and calculating N2 fixed as follows: 

atom , 15N excess (fs) 
- p 

N2 fixed - 1- ___________ * N yield (fs) 

atom , 15N excess (nfs) 

and. 

atom , 15N excess (fs) 

'Ndf. - 1-
_______ - ___ x 100 

atom , 15N excess (nfs) 

vhere, 

[2.38) 

[2.39] 
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'Ndfa - percent plant N derived from the atmoaphere 

atom' 15N'excess - .tom ~erGent 15N exceaa L 
The basic assumption of the ID procedure 18 that the fiXing and the 

reference plants should absorb the soil N and fertilizer N in the aame 

ratio (Fried et al., 1983; Broadbe~t et al., 1983). When there are 

.differences in N uptake,profil~s practiees vhich relult in a le •• drastie 

decline of lSN/14N ratio in the soil, such as d~rect incorporation of 

15N-labelled organic matte~ (Hauck 1973), the addition of fertilizer 

together with an available carbon source {Legg and Slogger, 1975)-or the 

use of slow release 15N fertilizer formulations, whieh lead to a more 

1 stable enrichment, should be adopted (Witt y, 1983). A suitable reference 

plant can be a nodu1ating line in nonfixing mode, either as uninoculatedor .. 
inoculated with an ineffective Rhizobium (Rennie, 1981), nonfixing isoline 

~ 

(Fried and Broeshart, 1975; Legg and Slogger, 1975; Ham and Caldwell, 1978, 

~eibert et al., 1979, Demenach et al., 1979; Rushel et al., 1979) and a 

1 nonlegume such as.barley. Barley has been used as a r~ference plant for 

Isoybeans' (Fried an.d Broeshart, 1975; Rennie et aL, 1976) and for Phauolus 

vu1garis (Rennie and Kemp, 1983: 1984). ~ 
N2 fixation as estimated by the isotope dilution method is not 

necessarily the a~ount of N2 fuxed'byt rather an estimate of the amount of 

- . 

/ 

fixed NZ contained ln the harvested portion of the crop (W1tty, 1983). The,_ 

difference between the two values depends on the proportion of N·lolt from, 

the crop ~uch as leaf, nodule senescence and gaseous 10S8 from plants 

<Witt y, 1983). èalculati~ns made by Bergesen and Tu~er (1983) indicated 

-
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that vhen 'Ndfa vas more than 50'. foliar an~lYBis providèd adequate data 

for .stimation of 'Ndfa and considerable effort of root collection'coü1d be 

avolded. 

Identical estimates of N2 fixed by the. NB and ID methods has been 

obta'lned on~y vhen the fertilizer use efflclency ~FUE")-.-or in unfertilized 
, . 

experiment, the soil N uptake of the fa vas identical to the nfs (Deibert 

et al., 1979; Rennie and Kemp, 1983; Witt y, 1983; Renn1e, 1984; Rennie and 

Dubetz, 1984). Field estimates of fixation based on the NB method of a 

1egume and control combination having the same percentage fert11izer uptake 
- . 

could not ~~ reliably obta7~ed beCjSe the relati~e ferti1izer 

the tvo crops varied from season t season (Witt y, 1983). 
• 1 

.' 

, 

uptake of 

1 

. . . 
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3. DFLUERCE OF DUlIGATIOR SCDDULES AND RI'1'B.OGER PLACKIIIR'1' 

) , 
OR VIIEA'l ,'fDU) 

3.1 Introduction 

Research involving irrigate~ wh&at in Zambia iSolimited .. Although thé 

plant nutriant noad. for whoat are known. irri8atio~t •• and m.thod~ of N 

fertilizer placement have not been fu11y determined with Zambian conditiona 

and soils. Ferti.lizer. recommendations are usually based on fe'rt111ty and 

irrigation trials with wheat in the neighboring country of Zimbabwe. 

~Huch research work has shown that while wheat ia sensitive ta moiature 
, 

stress at eariier growth stages, irrigation water can be saved by omitting 
, 

irYigation late in the growing season (Kezer and Robertson, 1927; Day and 

Intalap, .1970; Sing et -al., 1979). Rüponse of wheat to a given 

ap~lication of N depends upon the ava~labi1ity of soi1 N and water. 

Further, irrigated wheat grain yield$ have been increased by splitting N 
/ 

applications between s~eding and tillering or stem elongation (Wahhab and 
1 

Hussain, 1957; Jain et al., 1971; Hammid and Sarwar, 1976). Hammid and 

Sarwar (1976) reported that N applied at boot stage or la ter increased 
, 

whe~t grain protein but not yieid. Further, 'there vas better utilizatlon 

of fertilizer N when it was split equally betveen seeding and tillering 

than for a single application at seeding. In contrast, Khalifa (1973) 
~ 

found no ~pparent benefit from split N application at seeding and tillering 

with different wheat varieties. 

The study reported here was ca~ried out to inve8tigat~ the effect of 

different irrigation regimes, rates and methods of N placement on bhe yield 

A 
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of wbeat grown on a .andy clay loam 80i1 belonging to the Typic 

Haplu.talf •. 

3.2 KaterJala and .etboda 

A three ]ear study vas conducted under sprinkler irrigation on a 
• 

( 

nearly'level sandy clay loam at the National Irrigation Research Statl~n at ,--

Nanga. Zambia. The soil belongs to the Kazabuka séries, which includes, 

" 
.., chromic luvisols or Dystric "'Nitosols' (FAO-UNESCO) or Typic Haplustalfs' 

'(USDA) occurring on e).evated sites under miombo Savannah of mod~rate 

rainfall. They are deep well-drained so11s ~ith cha'racteristic red 

argUlic B horizon developed over calcium-sqi~te sehists. The soil had a \ 

pH of 5.5, CEC of approximately 7 emoles kg~l-and total N-content in the 

order of 0.8 g kg- l . 

3.2 .. t Pir8t year atudy (1982) 
• 
Wheat (Triticum aestivum L.-EMU's) was,grown underlthree methods of 

fe:tiUzer application a~d thr~. irrigation regilDes. A; totT o~ 150 kg oN 

ha- l in the form of urea was broadeast prior to seeding either in one 

portion, two portions (75 kg N ha- l eaeh), or three portions (50 kg N ha- l . 
each) .. The fertilization 8chedule is summarized in Table 3.1. 

The irrigation schedules included: (i) every week ir~gation at a rater-----~· 

of 70\ of the total clas~ A pan evaporatl,on dùring the w90le irrigation 

interval; (ii) every two weeks irrigation at 60\ of the total class A pan 

evaporat10n during the whole irrigation interval; and, (ii) every three 

weeka irrigation at 50\ of the total class A pan evaporation during tbe . , ! 

, whoU irrigation interval. These schedules vere imp~emented at tillering. 
1 • , 
1 
1 
1 
1 
1 

+-' --=-

1 Q , 
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~' Il , , 

Table 3.1 'Nltrogen ferti1izer p~ogram for the 1982 experiment 

Method of Time of application 
application and amount of fertilizer 

At seeding At 4 veeka 
o after seeding 

At 7 veeka 
after aeading 

One portion 
Two port ions 
Three portions 

" 
, " 

Î 

Î" 

________ kg ha-1 

150 
75 
50 

75 
50 50 

, ' 

, ,4 
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The exveriment had a partly randomized split plot· design vith 

~rrigation as main plota and methods of fertilizer application as subplots 

vith aix replications. Main plots vere 12~ A lzm and subplots vere 

3m x 4m. Subplots contained 16 rovs of vheat that vere 0.25 m apart. 

Pre-irrigation was applied ta the vhole expertmental site seven days 

prior to seeding to establish a homogeneous meisture profile te a 1.2 mo 

depth. Planting took place on 28 HaY,1982 and the differential irrigation 

was started on 21 July 1982. 

Samples for grain yield determination vere harvested from a 1.5 m2 

"\ 

areQ (4 rova 1.5 m long). The samples vere oven dr}ed at 60 Oc and hand 

threshed. 
/ 

\ 
\ 

Analyses of variance vere calcula'ted assuming a randomized block vith 
. 

a split plot for ~he methods of N application. 

3.2.2 Second year atudy (1983~ 

In the 1983 experiment vheat (Triticum aestivum L. EMO'S') vas groWQ 

at an adjac~nt site to the 1982 experi~ent under four N placement mèthods 

. and two methods of appllca~ion each. two nitrogen rates and t~ree 

irrigation regimea. Fertilizer placement methods vere broadcast or 

broadca3t and incorporation before seeding. side-banding (at a narrow~band 
J: 

2.5 cm to the side of the seed) at seeding and broadcast tvo 

seeding. Fertilizer rates applied in 1983 were 75 and 

form. The fertilization schedule for the 1983 program is 

Table 3.2. \ 
The irrigation and pre-irrigation schedules vere identical to those in 

the 1982 exp~riment. 

The experiment had a randomized split-split plot design vith 

.. 
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Table 3.2 Nitrogen fertiliza.tion program for the 1983 experiment 

Placement Time of application 
method ~ab f" .. and amount of ferti1izer 

At seeding At 2 veeka At )illering 

kg ha- l 

Broadcast BAl 75 75 
150 150 

lf; BA2 75 50 25 
150 50 100 

Broadcast and lA1 75 75 
incorpor a t ion 150 150 

1A2 75 50· 25 
150 50 100 

S ide -band ing SAl 75 75 
150 150 

SA2 75 50 25 
150 50 100 

Late broadcasting LA1 75 . 75 

0 150 150 
LA2 75 50 25 

150 50 100 

""" 

• 

\ 

\ . " 

) 

d , 
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irr-f.satiotÏ treatmenta aa mai.n plota, N rates as subplota and r.\ethods of }il 

placement •• 8ub-subplota vith four replications. 

, Hain plots vere 8 m x 8 m, aub-plota 4 m x 8 m. Sub-subl'lots 

containf'd 5 rows of "heat that weB 0.20 M apart. Planting took place on 9 , 
June 1983 and differential irrigation on 10 August 1983. 

t Samplea for grain yleld determination vere hllrvested from a l m2 area 

- in each plot. 0 The 'samp1es vere treated as lh the 1982 experiment. 

Analyses of variance vere calcu1ated for the randomized black with a 

II' 1 

split plot for N ra.tes and a split-spl;lt plot for methods of placement. 

3.2.3 Third year study ,(1984) 

. - \' 
Preliminary analys!s of irrigation data from the first tvo years of 

this study suggested that a more intensive irrigation program be 

implemented in order to obtain maximum yields (Section 4). Thus in the 

1984 experiment wheat (Triticum aest1vum L. EMU' S') was grown under four N .. 
o 

placement method,s and two methods of application each. two nitrogen rates 

and one irrigation regime only. Fertllizér plilcement and application' 

methods were identical to the 1983 exper1me~_ts (Section 3.2.2). 

Pre- irrigation vas identical to tbe two previous experiments but irrigation 

v88 appUad every veek at a rate of 8S\ of the total class A pan 

evaporation during th~ whole irrigati~nterval. 

The experiment had a randomized split-split plot design vith N rates 

a. main plots. methods of N application (single and split) as sub-ptotl: and 

methoda of N placement (~roadcast. broadcast and incorporation, sicl$-band 

and lata application) as sub-subplots vith f'.I~r replications. 

Plot sizes vere identf:~~l to those of the 1983 experiment (Section 

3.2.2). }lanting took place on 2 June 1984 and"'ditferential irrigation 
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commenced on 27 Jüne, 1984. , 
Harvesting of the plots and statis~icai analysi. ~f harv •• t dat •• ver. 

the same as for the 1983 e~periment (Section 3 .. 2.2). 
:. 

3.3 B.eaults and Discussion 

3.3.1 Effect of Irrigation 1 

Because tbe same 1'l:'rigat1on schedulea yere followed during the tirat 

two years of the study, the irrigation applied vas expressed on t.l}e basia 

of the maximum irrigation, which ,was assumed to have been applied vith the 

~ . 
weekly irrigation schedule. Thus, although the actual amounts of vater 

applied in each year of the experiment differed., the 'amount of vater 

applied by the eve-ry three week and every tVQ week schedules in both years 

was 24' and 43' respectively, of the maximum applied by the weekly 

irrigation. 

The average effect of :l,;rrigation schedule for the first two years ia 

!l,lustrated in Fig. 3. t. The average yields obtained in 1983 vere lower 

than those ohtained in 1982, which may be associated partly wi th the 
(J 

, 
delayed seeding and partly with a br1ef interruption of the irrigation 

schedules during the growing season. In both years, the veekly irrigation 

sehedule produced significantly higher yields, Plants under tl).. every twO 

• and thr., v"k !rr1gation .chedul .. exh1b1t1 dgns of vater stro .. durlnS 

::::. :r::::d:e:::::~.d ~::l::~O::::::::: ~~:. l:
h
::: .:::r:::1:::::t 

1 ~~, • 

reduction for both irrigation sJ:hedu1es of 3'U) than in 1982 (correaponding 

àverage yie~ decrea~e of 20\). Climatic conditions ~ring stre •• perlod. 

undoubtedly affected the sev~ty of the · .. trell. effecta. 

, 
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) LSO 0.05 (1982) 

] LSO~O~ (1983) 

1982 

1983-----~ 
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'f It 
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3 - WK 2- WK '\~~EKLY • 100,% 

PERCENT OF MAX1 ~UM 1 RRIGAT'IOrf-

, r. ,t. 

. , , 

\ Fig. 3.1 Average affect of irr'igation scftedule on grain yield of wheat 
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f 
There vere no atatiatical differencel in the grain yieid betv •• n the 

every tvo veek and every three veek irrigation .chedulel~ 

There VAS an interaction betveen irrigation achedulea and method of N 

application or placement during both years of the atudy (Table 3.3). 

However, there vas no overall interaction betveen the fertilizer rate. and 

amd6nt of irrigation in 1983 (Table 3.3). Examination of the data on an 

individual irrigation schedule basls revealed that side-banding of hlgher N 
> 

rates produced slightly CP < 0.1) lover yieids undel reduced irrigation,. 

vhereas under veekly irrigation broadcasting of hlgher N rates caused a 

s~gnlficant CP < O.O~) increase: These interactions are diacus.ed in 

detân belov. 

3.3.2 Effect of, ft rate and method of placement \ 

Differential N fertili~ation was applied in 1983 and 1984 (75 and 150 

kg N ha -l, respectively)., No overall differences in the grain yield 

produced by the application of tvo different levels of N were observed 
( ~ 

~Table 3.3 and Fig. 3.2). ,On ~he averagé, topdresalng of N fertillzer . , 

~ l 

produc~d statistically higher yields in al~ three years (Fig. 3.3). 

However, ~ 1983 the effect of top~resslng vas dependent on the method of 

\ 
. ( 

fertilizer placement. Thus, statistically aignificant differencea betveen" 
- i ' 1 -._->-...,."~ 

single and 1 two-split N applications vere obtained only ,when the N . " 

fertilizer was broadeast and fncorp~rated' 01' t~e ~nltial ~ortion Of.c • .. 
fertilize~ WaB broadcast two weeks after see~ipg (Fig. 3.4). 

3 • ..3 • 8 Iuteraètion of irrigation. R rate and .etbod of Il placeaent 

the yield curves in Fig. '3.5 iho. that 'in the 1982 'experiment,~ tb.re 

" ta an interaction between irrigation schedule ,an~ methacf'of N applicatiOn. ) 

1 

• 

• q .' 

, , 

.' ~ \ \ 

..\, 
'r 
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Table 3.3 'r ft1~ •• asoeiated vith the effects of irrigation schedule. method _ nitrogen application and/or 

_Yp1ac~t. nitrogen rates -and their interaction on the grain yield of vlleat grown at Nanga. Zaabia. 

• 

Y~.r 
nI p 

1982 ' ~.77*** 2.98** 
1.983 283.37*** 48.00*** 

" - li A 

1984 .099 14.,64** 
: 

N 

0.27 

p 

30.26*** 

F Values 

IRXP 

1.23 
45.9*** 

NXA 

1.57 

lRXN 

2.42 

NXP 

2.27 

1. IR- irrigation schedulej P - method of application and/or placement; 
N - nitrogen rate; A - method of application 

*** and ** significant at P <'~:0001 and < 0.01. respectively 

.." 

. " 
, / 

r~ 
! 
/ 
~. 

a 

NU 
..... 

nxNXP 

14.8*** 2.26*** 

AXP NXAXP 

2.09 0.45 

11 

.' ~ 
N 
• 
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Fig. 3.5 GraiQ yields.of wheat grown in the 1982 experiment as affected 
by irrigation schedule and methQd Qf nitrogen fertilizer 
placement l . 

. \ 

.,.. . ' . 

'., .. 
, r , 

, '. 

'. 



( 

o 

o 
,l, 

• --

-77-

. 
At every tvo or three veek irrigation achedul ••• vater Itre'l val tb. main 

,r 

yield-l1miting factor. Hence. no benefit of .etbod of N application va. 

obserVed vith these tvo irrigation Ichedulea. Hovever, vben irrigation va. 

-applied on a weekly basis, split applications praJuced aignifieantly hlgher 

grain yields (Fig. 3.5). The results from the 1983 experiment vere in 

close agreement (Table 3.4). considering that tbe method of N fertlliz,er 

placement in 1982 vas simple broadcasting. The results in Table 3.4 

suggest that benefi~ of split application under vater strel. was obtained 

only when the initial portion of the fertilizer vas broadcast 
, 

and incorporated. Further, witb reduced amounts of irrigation, single 

application of the high N r~te tended to enhance vater stress with the 
. ,-------

exception of the la te broadcast. where aetually a benefit of a aingl. 

application of 150 kg N ha- l was'obtained under stresa. In 1984 only one 

irrigation regime vas implemented. , 

Uigh N rates applied in tvo portions did not enhanee water stresa 

unless the initial portion of the ferti,li%er vas side-banded (Table 3,'5). 
,. 

Comparison of yiéld reduction vith side-banded ùrea under atreas (Table 

3.5) suggested that aven the initial portion of 50 kg N ha-1 vas harmful to 

the plant. 8igh N rates did not produce any significant increase in tbe 

grain yield under the veekly irrigation regime, except vhen tbe fertilizer 

vas broadcast. This indicates that, vith the exception of broadc8sting, 
, 

the placement metbods examihed led to an efficient utilization of urea N by 

non-stressed vheat. 

Under weekly irrigation, the greatest benefit of split application in 

\ 
1983 vas obta! when the initial portion of the fertillzer val broadcalt 

tvo weeka a ding (Table 3.4). Thi. c'orr •• ponded vith the uxll1lW1l 
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• 1 
1 

Table 3.4 Benefit of .plit application of nitrogen ferttlizer placement 
method. on the basis of trrigation sched~~e and nitrogen rate 
in 1983. 1 

Placement 
m.ehod 

Reekly irrigation 
Droadeast 
Droadea.t and ineorp'oration 
Side-banding 
Lat. broadcaat 

Broadeast 
Broadeast and 
Siej',·-banding 
Late broadeaat 

Broadeast 
Broadea.t and incorporation 
Side-banding 
Lat. Droadeast _ 1 

( 

, yie1d Inerease 
by split N a~lication . , ; 

16 
21-

-20 
29 

s 
7 n.s. 
20 
5 n.s. 

! 

20 
16 
18 
18 

Q • 

none 
35 
none l 

none 

none 
38 
noue 

l in theae treatments a aignikicant (P <0.05) decrease vas _ 
actually obtained l 

2 n.s. ". ,non-signifieant -

, . 

, . 
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Tabla 3.5 Kffect of nitrogen rate and placemene on ehe gralnyi61d of wheat under variou 
~el1llles in 1983. 

-, :" .-
Intlatlan 
ach.clul. 

l ' 

, change in grain yield v~th-appltcation of bigh N ratel 

B~adcaslt and --. ---- - -- .-----'-.. , 

Broadcast incorporation 'Side-banding Late broadc •• t 

J( 

SiDal. 2-split Slngl. 2-split S~gle 2~split Single ,2-aplit ~ 
, - ~ 

{ 1 

V •• tly 
bery 2-wk" 
~ry 3-_ 

1. ,'cbanae -

) 

~I ' 

" " 

+17 
.-13 
-10 

1">; 

. ~ .. -n.s. n.s. n.s. . n.s. -11 n.s. 
n.s. --15 n.s. 

Yield150 (ka N ha- 1) - Yie1d75 (kg 'R ba~l) 

Yleld75 (kg R ha-1 ) ,0 

'" .. 
J 

• 
,1 

..f., 

, i (~ 
n.s. n.s. n .•. . n .•• 1 

~12 -10 - n .•. ...n-:-s. 
-24 -21 +21 n. s •. 

x lOQ. , ~ • 1 

0" 

o 

'" 
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.. 
yield obtained by any_method of N fertillzer placement and/ot appllc.t~on 

in ~ll treatmenta (Fig 3.6). In 1984, th~.t be~.fit of split 

application va. obtained vhen the initial portion of the fertl11zer ,a. 
broadcast and incorporated (Table 3.6 and 3.7). Thi. again may reflect the 

differént vater regime implemented in the laat year of the experiment. 

Higher yields with the late broadcast placement method May be aasociated 
, -

with redu~ed N fertilizer los ses durtng the early stages of wheat grovth at 

which N is taken up by ~he platlt at relaUvely lov rates' (Ohon and Kurtz, 
\ 

1982). When the average grain yield vas obtained from all irrigation 

schedules, ~he best method of placement vas broadcast and incorporation. 

\ 
3.4 Conclusions 

-
Weekly irrigation of vheat at rates of 70\ of the total clas. A pan 

evaporation du7ing the whole irriga~ion interval and throughout the groying 

season was superior to irrigation schedules which included shifting to 

either every two veek or every three veek (at 60 and 50\ of the total clais 

A pan evaporation during the whole irrigation interval., respectively)_ 

irrigation a,t tillering. Split appU,cations of urea fertilizer at rates of 

.50 kgN ha- 1 at ~eeding and minimum of 25 kg N ha- l topdressed at the 

tillering stage produced maximum yields. Although no apparent bene fit yal 

obtained by employing various methods of urea fertilize~ application and 

placement vben every two or three veek irrigation schedulea vere folloyed, 

different methods of.placement, (broadcast or broadcast and incorporation 

prior to seeding, side-banding at seeding and broadcast two weeka after 
~ 

àeeding) an~ different methods of application (single, tvo or thre •• pllt) 
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for visual comparison only .' , . 

" . 
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Table 3.6 Benefit'of .plit app1icatton on the·ba.~8 of ~trogen 

• ~erti1i~.r placement method. and nit~ogen rate in }984. 

'" 
Pbeement 
tnethod" \ 

ê' 

, yield inerease 
by split N application 

--------~~------------------~---~ 
75 kg N ha-1 150 .k~ N ha- l 

. 
Droadeast 
Dro.deast ~nd incorporatio~ 
Side-band ~ 
Lat. application 

'" . \ 

. . 

. ' 

/ 

) 

... ~~ . 
,- f 

• 

1 

none 
23 
13 

7 

. . 

f 

.-
, 

\ 
\ 1 

... ' 

r 
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produeed differe~t~yielda vbe~ tbe veekly irrigation .Cb.dul.,wa~ f~lOV.d. 

Hence~ max~ yielda at weekly irrigation vere obtainéd vitb Ipitt 

apPl~cati~ of N fer!~liZer of vbich tbe intti~~ portion v.~ .ttber 

broadcas~ tro weeks after seeding or was·broadcast and ineorporated prior 

to seeding. Uigbest yields in tbis 3-year study ver~ ob~ained vbén we.kly 
..( 

irrigation of ~beat vas employed at rat.s 85\ of tbe to,al. cl.l' A pan 

evaporation d~ring tbe wbole ~rrigation interval. 
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4. ~CT OF DUlI(T~OIll SCBED~ ARD 1lEG~ ~III VlŒAT TJE!.D 
. ... 

'. 
4.1 Introduction 

The need for water consA~ation in Zampia durirtg the dry season (Hay i"? . 
to October) is of utmQst importance to the country's economy, Since Za~bia 

has embarked on a major agri~ultural expansion program, the need for 
~ 

increased acreage of irrigat~d crops has received high priority. ~i~, 
~ . 

however, must be combined with a ~ore rational and efficient 'use qf water 
. 

a~d fertilizer (Section 3). 

!erlier wOFk at the National Irrigation Research Station, at Nanga. 

Zambia could not lead to final recommendations due to a number~of obstacles -.... 
enC'Quntered, especially wlth proper meas\1rement of soil moisture. Rowever', , 

. Aeppl1 (1977) concol~ded that although with 14 dcays irri,gation interval high 
... 

wheat yields ~re possible under norma~ confitions. reduced irrigation 
.{ 

intervals might be particularly effective at least during seasons' with 

higher temperatures than usual. A three-year investigation-was therefore 

carried out to study the effect of irrigation intervals on the grain yield -of wheat (Triticum aestivum L.). The effect of different ~rrigation 

reg-imes. rates and methods of N plac'ement on the yields of irrigated wheat 

have been already reported in Section 3. However. in that section no 

considerations vere given to soi1 moisture and water use effici;ncy. The 

objé~tive of this Section is t0 1fanalyze the soil moisture and irrigation 

data from the first set of experiments (Section 3) and arrive at 

recommendations for rational and efficient use of irrigation water. 
\ 

'/ 
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4.2. lIaterlala and Kethoda 
~ 

Three field expe~iments vere coJducted tu thre. crop y.ara (1982. 1983 

and 1984) on a sandy clay loam soil at ~he Na~ional Irrigation·ael.arch 

Station at Nanga, Zambia. The characteri.~ic. of thil loil and 
• r 

experimental design are described in Section 3. In' aummary. wh.at 

(Triticum aegttvum L. cv EMU'S) vas sovn in aach year. A beavy pr.~.ovln8 

irrigation vas applied each season to saturate the field to a depth of 

1.2 m. Blanket application of 60 kg P~05 ha- l vas appl}ad prior to soving 

in each of the three years. The experiment in 1982 vas a partly randomized

spiit plot design with irrigation treatmen~s the main plots and N 

application (single, tva-split a~three-s~it) as subplots. In 1983, a 
. 1 

comp1etely randomized split-split plot design vas follo~ed vith irri8atl~n 

treatments as main plots, N rate (75 and 1~0 kg N ha- l ) as subplots and 

method of N placement (broadçast or broadcasting and incorporation pr,or to 

soving, side banding at sowing and broadcasting two vaeka after 8ovin~) and -. \ "-
application ~single and~~wo-split) as Bub-subplota. The ~rri8ation re~imes 

1 

in each of~the three years were lmplemented at tillering and included:' (i) . . 
irrigation on a weekly basis (V) at the rate of 70\ of the total clas •. A 

• pan evaporation during the wHôle irrigation interval; (ii) every tvo veeka 

irrigation (2-W) at 60% of the to~a~ class A pan evaporation duriRg the 

whole irrigation interval; and (lii) every three vee~ irrigation (3-W) at . 
50% of the tot~l class A pan evaparation during the whole irrigation ' 

interval. In 1984 the experiment was a split-split plo~ in a complétely 

randomized block design with N rates (75 and 150 kg N, ~-l) ~s main plot., 

methods of application (single and split) as Jubplots ,nd met~odl of 

placement (identical to the 1983 experiment) a. ~he .u~-.ubplot •. 
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r ( ,1 

Irrigation vas on a veekly basi, at 

W ' 
, ' 

85\ of clal~ A pan .vapo~ation,during 
l, . 

" 
• ,j 

the vhole irrigation interval. The dates of soving. irrigation and 

l.. 'harve.ting are given-in Table 4.1. 1 

. \ \ . 
Th~ class A'pan evaporation and relative humidity vere determined on a 

Ir 
daily basis. Tvelve~neutron probe accesl tubes ~~re tnstall~ per , , 
irrigation treatment. Soil vater content vas determinèd gravtmetrieal1y 

, " for the O-lS·em depth and vith a 'neutron moisture meter~thereafter to a 
, " " ". depth of 1.4 m before and aft~r irrigat~on and a~ the t~e of\~arvest. 

Apparent field vater l1se vas calculated from these~'"so11 1noistur è-... clata for , - . 
eaeh, irrigat·ion Ichedule. The data repo~ted' he~e~ therefôre' do not inelude 

, , .. 
optgoing flux of vater at the 1.4 m soil depth. Grain yieldswere measured 

" 

for a11 trea~ments (Section 3). The effect Qf the meth~~ of,~ 
~ -,'" \ 1" .... 

~nd 'PPliC~tiOn ha~e been> ,diseu .. ~d in the pre,eeding 0) ectir· . , 
. 4.3 Results and Discussion . 

placement 
.. 

~ 

~rain ytelds of wheat increased vith shorter irrigation intervals fo~ 

r both 1982 and 1983 (Fig. 4.1). Multiple linear regression revealed that 
, 
theogreate~ lOIS in 1ield was due to amounts of irrigation water applied (P - '\ 

.1 

< O.~1) rathe~ th an interval of application. This ~radicts the results , 

.~Aep~li (1977) vho'~ound irrigation increased intervalà.reduced yields 

dramatically, whereas reduced irrigation amounts had'no significant \ 
1 

effeets. He attributed the loss of yield to reduced effective rooting. 

-depth and the amount of water stored in the soil available for the crop.as 

a resu1t of inadequate soil preparation. 
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Table 4.1 Dates of sovinÎ. irrigation and harvesting 

Crop year Date of 
soving 

Fir.t d1fferential irrigation 
Ct .. ( <) 

- '. r 

o . 
. 

j':: 
, 
-r-

• ~ " 

• 
Last irrigation bber of . 

, Date of 
.v 2 .. W 3-W ~~W 2~ 3-V v . 2-V 3-V barYe.t 

1982 
1983 
1984 

p 

.~ 

28 Hay 
9 June 
2 June , 

{, , 

20 Ju!'y' 2'8 J~ly 4 Aug. 
tO Aug. 17 A~. 24 Aug. 
27 July 

t( 

" 
~ 

~ 

;;. 

"-

15 Sept. 8 Sept. 
28 Sept. 21 Sept. 
22 Sept. 

~ 

v • 

. 
15 Sept. ? 
21 Sept. '6 

9 

~ 

"'-

, 
" 

4 
J!:j 

-

3 
2 

• ~- 1 

/ 

q 

12 Oct~ 
28 Oct.-
15 Oct. 

.. 
f' 

c 

r:: --..J 

1 
CIO 
CIO 
1 

• 

~ 

o 

.. ..., 

l' 
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Fig. 4.1 ~AVerage effect of irrigation scheaule on grain yield or wheat . ' 
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( 
The cumulative pan evaporation on a veek1y basis and average veek1y 

,relative humidity for 1982 and 1983 seasons are 'shown in Fig. 4.2. Pan 
, (J " 

evaporation for the period of June to September vas almost identica1 in the ' 

1982 and 1983 experiments. Henc~, the only major difference in the two 

experiments as far as water requirements are conce~d was the date of 

sowing as well as the date of initiation of differential irrigation (Table 

4.!). To~al pa~ evaporation during the growing sesson amounted to 636.3 

and 674.1 mm in 1982 and 1983, respectively. The total irrigation applied 

in 1982 as per the thr~e irrigation schedules was-W: 406.4 mm, 2-W: 329.0 
" 1 J 

mm and 3-W_321.6 mm. However, that in 1983 was signLficantly lels due ta a 
. ~ 1 

, , brief interruption in irrigation and amounted to W: 11.1 mm, 2-W: 229.9 mm 

and 3-W: 214.9 mm. This expla1.ns the significantly ower yields obtatned 

in 1983 . 

. The effect of N rate and method ~ N placement as well as interaction 

~etween irrigation schedu1e and N rate and method of N placement have been 

discussed in detail (Section 3). 
l) 

An attempt was made here to describe wheat grain yields as a function 

of amount of water based on the realization that water was the main yield 

1imiting factor. A close li~ear relationship (r - 0.972, P < 0.01) was 

found between the depth of irrigation in mm in the 1.4-m soil profile and 

the weekly cumulative pa~ evaporation for the weekly irrigation schedule in 

1982: 

y 0.58 + 0.645 X 

where, 

y - depth of irrigation vater in mm 
~ 

X weekly pan evaporation in mm 

[4.1) 
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Fig. 4.2 Cummulative pan evaporation on a weekly basis and relative 
humidity during the'growin~ season 
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, 
J ... \ 

Although Eq. [4.1) has no universal value, it alloved us to make 80me 

~usefu1 comparisons among the various tr~atments. An at~mpt vas made 

initia11y to p~~dict the depth of irrigation water for the 2-W and 3-V 

treatments in 1982 and aIl the irrigation tr~atments in 1983. Details of 
'\ 

t~is prediction are presented in Tahle'4.2 fo:r the 1982 data only as those 

for 1983 l~d to 
\ 

s imilar trends. There was a close agreement hetween the 

_predicted depth of irrigation water and the actual depth determined from 

neutrOA moisture meter readings for the 2-Y tre$tment only (Table 4,2) . 

.... Th'e. larg~ discrepancy between the predicted:; and actual values i~ the 3-W' 
> 

treatment (Table 4.2) suggests that the efficiency of the every three week 

-
irrigation schedule ~s much lower compared td the other two irrigation 

. treatments. ~The lower efficiency could be attributed 'to water los ses due, 

to run-off. These losses, of course, couid not,he predicted from Eq. 
~ 

[4'.1] . 

Simple linear regression between grain yields and actual depth of 

l 

irrigation water for the 1982 data revealed a close relàtionship Cr -

0.999, P<O.Ol) between these two variables: 

y 1068 + 9.3 X 

where, 
\ 

y actua1 grain yie1d irt kg ha- 1 

\ [4.2] • 

X -actua1 depth of irrigation water in mm 

The re1ationship between grain yield and predicted depth of irrigation 

water wa~ also significant (P<0.05) but the intercept vas negative: 

Cl _ -400.5 + 13.18 X [4.3) 
, 

hence, imp1ying that Eq. [4.3J introduces large errora at lov~amount8 of 

app1ied water. 

• 
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Table 4.2 

, \ 

Re1~~ionship betve~n app1ied irrigation anp depth ~f irri~ation in ,1982 
r 

" 
Week1y Every tvo veeks Every three veelts 

-<i 
y -

Veek of Applied, Irrigation d.pt (mm) App1ied Irrikation depth (mm) App1ied Irrigation d,pth (ma) 
Irrigation (mm) Predlcted Actual (mm) Predlcted Ac tua 1 (mm) Predlcted Ac tuai 

lat. 
. 

24.9 22.3 
200 29.3 26.3 
3rd 32.9 .... 29.8 
4th 31.3 28.3 

~.4 42.2 40.1 

55.0 50.0 48.1 
6,2.3 56.8 45.4 

5th 35.8 32.5 
6th 35.4 32.1 61.0 . 55.8 52.9 73.2 67.1 54.2 . ' 

~ 

7th 38.9 35.3 
~ 
1 

8th 27.8 25.0 57.2 52.2 49.3 
9th 40.8 37.0 76.8 70.4, 55.7 

-- -- --
SUBTOTAL 297.1 268.6 219.7 '200.4 190.4 212.3 194.3 155.3 

Irrigation prior to differe~tia1 
program 102.0 102.0 

Rainfall 7.3 '7.3 
102.0 102.0 102.0 102.0 102.0 102.0 

7.3 7.3 7.3 .7.3 /-> 7.3 7.3 

-- -- -- --
TOTAL 406.4 377 .9 
Unaccounted - 28.5 

"\ Irrigation 'effi-

329.0 309.7 299.7 321.6 303.6 264.6 
19.3 29.3 18.0 57.0 ·r 

ciency, o,'c~ 93.0 94.0 91.1 94.4 82.3 

\ 
\ 

" '\ , 
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The relationship between predicted grain yialda for botb 1982 .~d 1983 

experiments and the grain yialda actually obtained i. illuatrated in rla 

4.3. 

Irrigation in thia experiment vas app1ied )trictly as a function of 
. . 

total pan evaporation during the whole irrigation interval. lt has bean 

shown (Prihar et al., 1974; Singh et al., 1979) that the pae of fixed depth 

of irrigation and cumulative pan evaporation (V/PAN-!) ratios ia a valuable 

tool in rational irriga~iO~ scheduling r1 wheat .• Hence , great savings of 

irrigation water may be achieved especially by eliminating irrigation at 

later stages of wheat growth. The IW/PAN-E ratio in our experiment was 
. ' 

maintained at 0.64, wht,ch 1"8 beiow the minimum value of'i>.7S recommended by 
, 

Prihar et al., (1974). This may have 1ed to comparatively lover yieid. in 

- our experiments. Since the irrigation achedule followed in these 

experiments was a direct function of pan evaporation and ainee there vas a ~ 

direct relationship betveen grain yields and soil moisture data, the lo.a 

in the average yleld by not app1ying the minimum IW/PAN-! can be\calculated 

from !q. [4.1] and [q.2]. This losa was approximately 0.7 Mg ha- 1 and 

could have been compensated by applying veekiy irrigation at a rate of 85\ 

of the total pan evaporatton during the whole irrigation interval . 
. 

Assuming that soil fertility i~.maint~ined at opti~ an4. hence, vater i. 

the only yieid limiting factor and that irrigation efficiency i8 maintalned 
. 

at 94\, the maximum yield that could posaibly be optained by app1ylng vater 

at 100\ of pan evaporation during the whole irrigation interval on<l v~e«ly 

bas 1s wou1d probably be in the order oi" 5. 5 to 6. 0 Hg ha -1"\ depend ing on the 

sowing date. The 1984 experim~nt vas carrled out .t~5' of cla.a A pan 

~ .. -. .. 
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f 

evaporation fôllowing the conclusions of the previoua 1982 and 1983 

seasons. Results of the 1984 season are.in agreement vith th1. hypoth •• ta 
, 

(Fig. 4.1). i.e. high grain yields of wheat vhère obtained vith the we.kly 
b • 

l ' _ -

irrigation at 85\ of claas A pan evaporation. The~study of A.ppli (1977) 

-
corroborates our results (Table 4A3). The amount of vater use by the wheat 

crop in that experiment ,was only an estimate since soil moisture in the 

root zone could, not be determined. \ 

The'data of an experiment carried out at Ht Maku~u (Soil Research 

Coordination Report. 1981) with irrigation ~ed e~ery week confirms 

-these conclusions. The mean for the wheat stover an~ grain yield was 10.6 

and 6.1 Mg ha- l respectively. The amount of irrigation~ater àpplied wa. 

not exactly determined. The higher grain yields of wheat possibly reflectl 

the higher fertilizer status and m~isture retention properties al the 80il. 

The apparent water use by wheat increased with shorter irrigation 

intervals (Table 4.4). Vater use efficiency was maximum vith the every 

three week irrigation schedule in both years. Apparent vater use in Mg 

ha-lof grain produced per cm of water ranged fram 0.120 to 0.134 in 1982 
\ 

and 0.116 to OL127 in 1983. This demonstrates that irrigation vater 
• 

effieieney increases with longer intervals bet~een tvo 8uccessiv~ 

irrigations. However. apparent water use values have been calculated using 

actual soil moisture data and. hence. do not compensate for the efficleney 

of the irrigation itself. Horeover. the 108s in yield vith longer 

intervals bet~een ~rrigations is too large to warrant thelr implementation. 

For example. improvement of apparent vater use efflcleney by 10\ in 1982 

, 
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Table 4.4 Apparent vater use of vheat in different irrigation treatments 
\ 

Irrigation 
,chedule 

W 
2-W 
3-W 

Apparent water use 
1982 1983 1 

cm 

38.0 31.0 
30.0 19.5 
26.5 18.5 

... 

Apparent vater use efficiency 
1982 1983 

---Hg grain ha-~ per cm vater_ 

Oq120 0.116 
0.125 0.119 
0.134 0.127 

. , 

\ 

i- • 
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Table 4.3 Yield of irrigated vhêat Mg ha~l (Aeppli, 1977) 

\,1 

Interval days 

-7 
14 
21 

\ of pan 

100\ 

5.28 
3.98 
3.40 

evaporation 

80\ 60\ 

5.25 5.22 
3.64 3.70 
3.15 3.42 t 

.. -

• 

.. 
1 
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led to yield decrea.ea of 18', wherea. a .imilar inerease in apparent water 

ua • • fficiency in 1983 cau.ed a 36' decrease in the grain yield . . '\ 
~e re.ult. of thi. .tudy in combination with thoae reported in 

Section 3 

:la . either 

.ugge.t'that .plit application of N of vhich the initial portion 

broad~a.t and inc,orporated prior tJ soving or broadcast two weeka' 

after .oving in eombin~tion with'weekly irrigation-applied at"a rate of at 

leait 85' of the total ~n,~vaporation during the whole irrigation interyal 

can lead to .ati.f~~tory wheat grain yields with relat~ve conservation of 

irrigation vater . 
.1 
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s. UTruzATIOR 07 '15R-UllEA FElt.TILIzD BY DIlICATED VIlIAT IR ZADIA 

5.1 Introduction 

/ FertiliZe) Along vith eomp~ementary in~t8 will continue to play • 

. " si~nifieant ~ole in aecelerating airieultural growth in Zambia. The 

lncreasing cost of rerti1izers, especially nitrogen, wl11 neeeaalt.te 

,;eforms and commitment in several '&reas: (,1) ilIjProvement 'of fertilher 
. , . . 

efficiency and prodùctlvity, (li)_risk reduction of fertllizer use through . , 

appropriate ferttlizer recommendations and management. (i~) improvement 

of crop response to applied fertilizer through the development and. 

transfer of fertilizer-responsive cro~ varieties, and, (iv) expansion of 

i~rigation. ~~nce Zambia imports N fertilizers to)meet the shortfall in 

domestic pro ~ction, efficient use of N fertilizers is of utmost 

import~nce to the country. 
..... 

The transitory nature of N in soil, its tendency for 1088 from 80il, 
J 

aeceleration of the acidification process and its potential for becoming a 

pollutant of'water and air de(andS 

level -tlian anj ,other of the'· p imary 
~ 

that N receive a higher management 

and secondary nutrienta. 

For cereals, maximum efficiency ~f ferti1izer N is obtained when 

ferti1~zer is applied shortly before the period of Most rapid srowth and 

greatest demand by the crop permitting ~eaày uptake (Olson et al., 1964; 

Herron et al., 1971; Hucklesby et al., 1971; Welch et al., 1971; Hiller et 

al., 1975). 

r· 
Efficient application of fertilizer can be attaine~ through 

t 

adjustment of (i) rate of appllçation, (ii) tlme of application, (iil) 

'. 
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method :of" placement, and, (iv) vater management. Efflciency ln crop use 
\ 

of fertilizer N generally decreases vitb increasing application rates. 

Correspondingly, the economtc return froM each added unit of N declines so 
! -
1 

that fertilizer NI 'l .• -D~~ecommended beyond where the cost of the last 

fertilizer increment 1s equal to the priee return of the additional ~ield 

produ~ed (Olson and Kurtz~ 1982). ~\ 
-

Depending on soil and climatie eo~d1tions, N application has been 

divided into tvo or more:1ncrements during the growing season for maximum 

fertilizer efficie~cy. Seasona~erements are especially favored with 

humid regi~opping and, with irrigation of 'sandy soils. Split. 

\.. - ~-
applications of N reduee the opportunity for N los ses througn leach~ng. 

runoff, volatilization and denitrification because an active root system • c ... _ 

ia present for absorbing the fertilizer N when It is applied '(Olson and 

Kurtz, 1982). When split appl~eation of·N was superior to·the single 
1 

) 1 

application, the upta~é efficieney was higher from the N applied at 

tillering and boot stage (IAEA, 1974) .. This can be at least partially 

attributed t~ the ~dance of excessive N during·the ~egetative g~owth 

stage and the high av~bility of N during grain filling. Excessive 

vegetative grovth stimulated by excessive N levels at early~growth stages 

uses available soi1_moisture .at tbe expense of grain yield and is likely 

nP hasten the onset of moisture str~st (01son and Kurtz. 1982). 

/ Isotope studies on wheat fertilization (IAEA, 1974; Tomar and Soper, 

1981; Carter and Rennie, 1984) showed that t~e best method of placement 

va. aide-banding. Nitrogen vas less efficiently taken up by wheat ~hen it 

va. incorporated in the soil prior to sowing as eompared to side-banding 
li, 

, 
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at plantin, time. Under'a drier moisture regime. hovaver •• id~-bandina 

vas lnferior to the broadcast application (lAIA. '1974). 

--Contrary to expectations, broadcasting in the huaid .nd .ubhumid 

trop,ics p~rformed significantly better than either band 4r point placement 

(Hughogho and Batlono, 1985). Over all zones, p_oint~placed urea tended to 

be les a effective than other sources in the semiarid zone as repre.ented 

by the Niger site (Vlek, 1965). Concent~ated placement-~f urea in pointa 

or in bands may lead.to .increased leaching of fertilizer.N ~ue to limited 

acc~ss to the sorptiontsites of the soil. The problem ia accentuated in 

coarse textttred soils (Miller et al., 1975; Velk et al., 1980; Mughogho 

and Bationo, 1985). 
l " 

The objective of this study was to assess the effect of various 
• v 

placement méthods and application times examined in Sections 3 and 4 on 
. 

the efficiency of urea-N use by irrigated wheat in Zambia. 

S.2 Katerials and Hetboda 

, 

The comparison of application times and placement methoda of 15N-ur.a 

under various irrigation schedu1es vas conducted in 1982 and 1983 at 

adjacent sites on a near1y leve1 sandy clay 10am at the National 

Irrigation Research Station at Nanga,-Zambia. The .oi1 be10ngs to tbe 

Hazabuka series, which includes chromi~ luvisola or Dystric Nito.ol. 
, ~ 0 

(FAO-UNESCO) or Typic Haplu~ta1fs (USDA) occurring on elevated sitea under 

miombo Savannah of moderate rainfall: They are deep vell-drained .oil. 

" with_a characteriatic argillic B horizon developed over calcium-ailicata 

schists. The soil had a pH of 5.5, CEC of 7 cmol.(+) kg- l and total N . 

• 
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content of 80 mg kg- l . The experimental des isn. for the tvo yeara hav:e , 

been de.cribed in detail tn Secti~ 3. In summary, vhë.t (Triticum 

ae.tlyum L., cv. EMU'S) va. grovn each year. 4 heavy pre-soving 

irrigation va. applied e~ch aea.on to saturate the field to ~ depth of 1.2 

,-~m~ Phopahorus vàa broadcast at a rate of 60 kg P20S ha-1 'each yJar prior 
- ---- ~ ....... _-~ 

l' " 
to .oving. ,The experiment in 1982 vas a partly randomized spli~ plo~ 

, 
deaign vith irrigation (non-randomized component) treatments as the main 

plot a and N applicatlon,time (single, tvo-split and three-spllt totaling 
'WI 

150 kg N ha- 1) (random!zed component) as subplots (Table 5.1). 'In 1983, a 

completely randomized split-split plot design vas util1zed with irrigation 

tr;~~ments as main plots, N rate (75 and ISO kg N ha- l ) as subp10ts and N 

placement method (~roadcast, .broadcast and incorporation prior to soving, - . 
bandlng-2.S cm to the side of the seed-row at soving and broadcast tvo 

weeka after soving) and N application time (single and tvo-split) as 
\ 

sub-aubplots (Table 5.2). The irrigation regimes in both years vere . . 
implemented at tillering and included: (1) irrigation ~n a weekly basis at 

the rate of 70\ of the total cla(s A pan evaporation during the whole 
\ 

irrigation interval; (ii) every tvo veeks' irrigation at 60'·of the total 

clasa A pan evaporation during the whole irrigation interval: and, (lii) .. 
every three veeks at 50\ of the total class A pan evaporation durtng the 

vho1. irrigation ineerval. 

" The 15N-u~ea treatœents vere applied in microplots (1.5 m X 1.5 m in 

1982 and 0.6 m X 0.6 m in 1983) vithin the subplots and sub-subplots of 

the 1982 and 1983 experiments, respectively. The lSN-urea vas applied to 

al1 treatments in the 1982 experiment and only to the 150 kg N ha-1 

• . .' 

1 

" 

/ 

Il 

, 
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4Ct Table 5.1. Nitrogen fertiliser prdgra. for the 1982 experiment 

"0 
\ 

o 

Hethod of 
application 

.. '-
One portion 
Two portions 

« 

Three 'portions 

At 

\. 

Time of appJieation 
and amount Qf 'fertilizer 

seeding At 4 vèeks· At 7 v.ek. 
afur seeding aft.r •• eding 

kg ha- l 

150*1 
75* 75 
75 ' 75* 
50* 50 50 
50 50*r SO 
50 50 50* 

1 * indicates labelling with 0.96 atom', 15N excess urea-N', Thus.
two and three microplots were used Rer treatment for"the two 
and three portions. respeetively "':' y r 

"~ 

1 

-
? 

, . 

1 

• 

( 

Q 

\ 

.. 

. \ 
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C, Table 1. 2• Nitrogen fertlUzer- program for the 1983 experiment 
• 

( 

c 

Hethod'of 
placement 

Broadt;aat and 
incorpora t ion 

Side-banding 

. Late broadcast 

Time of application 
and amount of fertilizer 

At aeeding At 2 veeks At t1ller1ngl 

. 
50* 
50 . 

150* 

50~ 
5Q 

,r 

after aéed1ng. . ,-. 

kg ha -1 ______ _ 

. ) 

~ 

150* 
\ 

50* 
50 

100 
100* 

"'-.:.. 

100. 
100* 

100 
100* 

1 
2 

Topdreasing vas broadcast ln a11 cases 
* indicates labelling vith 0.96 atpm , lSN excess urea-N.~ Thus, 
• two microplots were used in the split application treatments 

a 

1 

.. \ 

\ 
\ ~ 

\ . 

Il 

,.. . 
o 

" 

'.' 

.' -
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>. 

broadcast and incorporation. side-band and la~e broadcaat't~eatmenta in 

the 19B3 experiment .. 

Samples for grain and strav yield determination vere harveated from • 

l.5~~2 (4 rovs 1.5 m long) a~ea in 1982 and l m2 are. in'19B3. An .re.·~ 
-half the linear dimensions of the microplots (0.75 m X 0.75 m in 1982 and 

0.30 m X 0.30 m.in 1983) vas harvested in the centre of each, microplot for 
~ 

15N Assay. ) A .. 

/ 

~ 
Ail piant samples from both field experimenta vere aried at 60 0q to-

constant veight and g~ound to pass a 425-um sieve. The strav .amples from 

a1'1 microplot replicates of bot~ experiments vere èomposited for each 

treatment. Total N content vas determined using a modified se~i-micro 

Kjeldahl procedur~ (Rennie and Paul. 1971). After Kjeldahl analyaia, the 
o 

distillate~as acidified with 0.5 M H2S04 and concentrated ~~r 15N 

analysis. Assay fo~ atom , l5N was carried out in a Micromaas 602E ma.a 

'spectrometer. 

\ 
To asses&- relative differences in N effi\:iency ~ the percent N deriyed 

~rom fertilizer (%Ndff) and the percent utilization of -fertilizer N by 

vheat werè determined. Analyses of variance for replicated parametera 

vere calculated assuming a randomized split plot design for both years. 

S.3 Resulta and Discussion 
r, 

~ Dry matter (DM) yields in both years vere slgnificantly higher vith 

the weekly tha? the every two or three veek irrigation schedule (Tables 

5 . 3 and 5. 4) . DM yields from every two or three veek irrigation 8chedulea . 
were statistically the ·same in both $ears suggesting that(vater stre •• vas 

, 1 
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Q 

Table 5.3. Effect of irrigation schedule and method of ~ea 
application on ~ yield of wheat grain and atràw 
in the 1982. experiment '-

Vater 
Method of 
application 

Grain 

DM yield 

Straw 

____ Hg ha -1 ___ _ 

Veekly 

2-weeks 

3-weeks 

Single 
2-.plit 
3-ap1it 

Single 
2-split 
3-aplit 

Single 
2-split 
3-sp1t,t 

Significance 

4.14 
4.56 
4.68 

3.34 
3.93 
3.85 

3.70 
3.53 
3.57 

Irrigation ** 
~pplication * 
Irrigation X application ns 

8.56 
7.74 
8.27 

6.62 
6.76 
6.42 

5.62 -
6.34 
6.93 

* ns 
ns 

--------------------------------------------------. 
**. * ana ns - Significant at P<O.Ol, P<O.05 aqp not 

significant. respec~vely 

'&". 

\ 

,'r 

-r 

, 
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Table 5.4. lffect of irrigation schedule and methoa ol ~r.a 
application and plècement on DM yield of wheat grain 
and strav in the 1983 eX{)erilDent 

-
Hetbod of YieI,b 

Water applicat-ion 
and placement Gyain Strav J 

_____ Hg ha -1 ____ _ 

Weekly 

2-week 

3-week 

B & I@ - single 
B & l - split 
Sideband - singlé' ' 
Sideband - split 
La 1:e s tngle 
Late split 

B & l - single 
B & l - spl~t 
Sideband - single 
Sideband - split 

.- Late - single 
Late - split 

B & l - single 
• B & l split 

Sideband - single 
Sideband - split 
Late - single 

( 

Late - split 

o Significance 
rigation 

Placement 
" Irrigation X Placement 

3.64 -
4.22 
3.34 
3.95 
3,.89 
4.58 

2.08 
2.B! 
2.72 
2.36 
2 A 31 
2.26 

2.02 
2.78 
2.62 
2.6& 
2.66 

o 2.34 

'kit 

'kit 

'kit 

@ B & l - broadcast .bd incorporation 
**, * and ns - Signif,icant at P<O.Ol, P<0.05 

1 respe(tiv~~y 

., " .. ,. 
~ , 

5.30 
5.77 
5.73 
4.91 
7.58 
6.35 

4.70 
4.03 
3.62 
3.65 
3.23 
3.64 

2.90 
2.59 
3.63 
2.12 
2.51 
2.84 

1 

'kit 

ns 

* 

and not significant, 

" 

.. 
• 
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the main yield llmiting factor. Hovever"DH yields in 1983 vere lover 

than those in 1982, vhich vaa aasociated vith a 2~veek interruption of ,the 

irrigation sc~edules during the groving leason. Plants under the every 

tvo or t~ree veek irrigation schedules exhibited visual signs of water • 

stress during both groving seasons. 

Split apP;icJtions of urea-N produced·significantly higher yields 

than a single application in both yea~s (Tables 5.3 and 5.4). Under vater 

stress benefi.t of sp.liot applications of urea-N vas obtained only with tvo 

splita and when the initial portion of the fertilizer was broadcast and . . 
, 

incorporated (Ta~les 5.3 and 5.4). Under weekly irrigation, the greates~ 

bene fit of split application in 1983 was obtained when the in~tial portion 

of the fertl11.er vas broàdcaat and incorporatad or. broadc~ tvo week. 

after aowing (Table 5.4). 

Total N uptake by grain was significantly affected by irrigation . -
scl'i:edu1'e and Ume and met,hod of àppUcation (Tabfs -5.5 and 5.6). Uptake 

'\ 
~of fertilizer N under the weekly irrigation schedule was higher than under 

the every two or three week irrigation schedules in both years. 

Split application of fertilizer N produced significantly highér 

uptake of N in both years .(Tables 5.5 and 5.6). However, orthogonal 

contrasta of the irrigat'ion X placement or time of application 

interactions in 1983 revealed that there was no benefit of split 
r 

application on uptake of N into wheat·grain (Table 5.6) vhen the crop vas 

under water stress and the initial portion of N was side-banded or applied - .... . 
two weeka aftar sowing. 

-. 

) -, 
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0 Table 5.5. Effel:t of irrigation achedule and me~hod of urea app~cation 
on total uptake into the grain and atrav and , Ndff in tbe 
grain of vheat in the 1982 experiment 

. 
Hethod of Total uptake 

W'atQr application 'Nd~f@ 
Grain Strav Total Grain 

kg N ha- l 
-

W'eekly Single 83.47 . 85.59 169.06 41.80 
2-split 105.71 82.87 188.58 17.94/17.50* 
3-split 109.22 107.49 216.6J 9.12/12.90/16.56+ 

2-week qSing1e 67.39 66.20 133.59 41. 21 . 
~ 

1 

.2-spli~ 88.47 72.29 160.76 16. 74/14.79 \ 
3-split 89.34 70.06 159.40 9.67/13.84/15.72 " 

3-week Single 71. 54 63.50 - 135.04 42.48 
2-split 77.43 67.77 145.20 15.72/16.37 
3-split 78.43 75.52 153.9-5 9.67/12.30/17.61 

Signifieanca 

0 
Irrigation ** Application ** " 
Irrigation X application * 

@ Av~rage of six replicates 
# lst spl1t/2nd aplit 
+ lst split/2nd split/3rd split 
** and * Significant at P<O.Ol and P<0.05, respectlvely 

" 

• 

o 
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Table 5.6. Eft.ct of irrigation .chedule and method of urea application 
and placement on total uptake into the grain ~nd stra. and , 
Ndff in ~hé grain of wheat 'ln the 1983 experiment 

Wau.r 
Hethod of 
application 
and placement 

Total uptake 

Grain Stra. 0 Total 

____ kg N ha -1 ___ _ 

\'tMft@ 
Grain 

- Weekly B & 1* - Iingle 77.35 
115.45 

56.74 
66.36 
54.18 
53.96 
81.84 
53.45 

134.09 
181.81 
1~0.82 
144.76 
181.90 
178.64 

35.37 
7.57/21. 98+ 

32.83 
10.17/27.18 

35.98 
7.77/32.77 

2-week 

\ 

B & l split 
Sideban'd - Iingle 
Sideband - split 
Late - single 
Late - split 

B & l - single 
B & l - split 
Sideband . single 
Sideband - split 
La te . single 
Late . split 

3-week -.' B @ l - single. 
B @ l . 'split 
Sideband - single 
Sideband - split 
Late - single 
Lat. - split 

76.64 
.90.80 
100:06 
125.19 

4&.80 
86.81 
67.75 
59.20 
45.78 
54.34 

51. 75 
67.44 
59.71 
63.09 
69.39 
64.55 

Irrigation 
Placement 

Signiflcance 

** '#rit 

Irrigation X PlaCement * 

@ Average of four replicates 
~ B & l'. broadcast and incorporation 
+ lat split/2nd split 

50.27 
46.36 
35.84 
40.12 
34.87 
39.26 

31.06 
29.82 
35.94 
23.27 
27.09 
30.65 

1 

99.07 
133.17 
103.59 

- 99.32 
80.65 
93.60 

82.81 
97.26 
95.65 
86.36 
96.48 
95.20 

**'.* Signifieant Jt P<O.Ol.and P<O.05, respectively 

• 

3,3.63 
5.70/21.57 

29.72 
7.65/22.49 

33.58 
9.36/29.26 

38.17 
10.55/20.25 

31.44 
11. 27/19.33 

32.33 
9.62/28.03 

" 

\ 
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The , Ndff va. similar for the tyO broadca.ting placement methoda 
• 

independently of the vater regtmes in both yeara. Side-bandlna. hoyever, 

of urea-N in 1983 resulted in slightly loyer , Ndff values than elther of 
ï -

the broadcasting methods. This ia in agreement vith average data by the 

International Atomic Energy Agency (1974) from a .tudy carried out in 

fifteen different eountries. They are, however, in sharp contrast ~o 
Q 

those reported for non-irrigated Canadian prairie soi1. (Carter and 

Rennie, 1984), where low water regimes resulted in "positional 

unavailabil~ty" of the broadcast fertilizer . 

In spite of the similar , Ndff values~at various vater regime. for 

fertilizer N placement methods, percent utilization of N by vheat vas 

significantly affected by irrigation sehedules and the time and method of 

N ap'plieation (Tables 5.1 and 5.8). Utilization of N by wheat grain was 

signifieantly higher under weekly ~an under every two or three veek 

irrigation schedules in ~oth years. The~e was a statistically significant 

main effect of split applications of urea-N on uptake of N int~ the grain 

but orthogonal eontrasts of thé noted interactions revealed that benefits 

from split applications on grain DM yields were signifieant only under the 
\ 

weekly irrigation schedule and vith broadcast app1ication under the every 

tvo veek irriga~ion schèdule. 

In evaluating the irrigation schedules for theae experiment., tt va. 

observed (Section 4) that class A pan evaporation ~ates vere identical in 

both years of the experiment and differenc'es in the mean yields batyeen 

the tvo years of the experiment vere attributed to different seading time. 

an4 wate~ regimes. Bence, combination of the data from both year. to 

J 
.., 

• 
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C 5:7. 
\ 

Table Iffect of irrigation .chedule and method of urea application 
on fertllizer 'uptake and , utilization by wheat grain and 
atrav in the 1982 experiment \ 

Method of F~rtilizer uptake Utilizatlon 
Water .ppli~.tion 

Grain Straw Total Grain Total 

kg N ha- 1 f'-Weekly , Single 34.85 15.49 50.34 2 .23 33.56 , .~--- -- -.. - 2-split _ 37.39 13.26 50.65 2 .93 33.77, 
°3-split 42.00 17.09 59.09 28.00 39.39 

2-week Single 27.76 11.99 39.75 18.51 26.50 , 
2-sp1it 27.78 11.56 39.34 18.52 26.23 
3-split 35.38 11.14 46.52 23.59 31.01 

3-week Single 30.39 11.49 41.88 20.26 27.92 
2-sp1it 24.72 10.84 35.56 16.48 23.71 
3-split "'31.13 12.00 43.13 20.75 28.75 

. Signifieanee 

C 
Irrigation ** ** AppUtation ** ** Irrigation X application ns * 

**. * S~nificant at P<O.Ol and P<O.0'5, respectively 

,.. 

" 

. ' 
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Table 5.8. Effect of irrigation achedule and metbod o~ urea application 
and placement on ferti1izer uptake and , utilization by wh.at 
grain and strav in the 1983 experiment 

Hethod of Fertilizer uptake Utilization 
Vatet' application 

and ptacement Grain Straw Total Grain Total . 

kg N ha-1 -, 
Veekly B & I@ - single 27.36 10.27 37.63 18.24 25.09 

B & l - split 36.00 10.62 46.62 24.00 31.08 
Sideband - single 25.16 9.81 34'197 16.77 23.31 
Sideband - split 35.59 8.63 44.22 23.73 29.48 
I..àte - single 36.00" .-' 14.81 50.81 24.00 33.88 
Late - split 54.66 8.55 63.21 36.44 42.'14 , 

,.".J 

2-week B & l - single 16.41 9.10 25.21 10.94 17.01 
B & l - split 25.36 7.42 32.78 i6.91 21.86 
Sideband.- single 20.13 6.49 26.62 13.42 17.74 
Sideband - split 18.84 6.42 25.26 12.56' 16.84 
Late single 15.37 6.31 21.68 10.25 14.45 
Late· - split 22.24 6.28 28.52 14~83 19.01 ... 

3-week B & l singl~ 19.75 5.62 25.37 13.17 16.91 ' 
B & l - s.plit 21.29 
SidebatW - single 19.56 
Sideband - split 19.63 
Late 

, 
- single' 22.43 

Late 
, 

split 25.65 

Signifieance 
Irrigation ** Placement ** Irrigation X Placement * \ ... 

• @ B & l - broadcast and incorpot'ation 

**. * Significant at P<O.Ol and P<0.05. 

, . 

4.77 26.06 14.19 17.37 
6.50 26.06 13.04 17.38 
3.72 23.35 13.09 15.57 
4.90 27.33 1~.95 18.22 
4.90 30.55 17.10 20.37 

** 
** 
* 

: 

1 
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a ••••• the ,affect of irrigation vater and 'Ndff on grain DH yields va. 

con.id.red •• lid. Only the dat.' fram the broadca.t and incorporation 
\0 

treat.ent. vere utilized, since thi. application method vas common in bath 
Q 

y.ar.. The folloving regre~ion model vas used: " 

Z - a + bX + cY + dXY 

where, Z - grain DM yield in Hg ha-l, X - irrigation vater in mm., Y -

'Ndff values, and, a. b, c, d - coefficients. 
, . 

A response surface vas drawu for the irrigation (Section 4) and \ 

Ndtf (Tables 5.5 and 5.6) limit~ in this study_ (Fig. 5.1) and the 

following eq~ation derived from the experimental data: 

Z - -15.726 + G.0665X + 0.3898Y - 0.00137XY (R2.0.96) 
-, 

The response ~face shows that, under the conditions of these 

experiments, grain DM yield was primarily a function of avaiLable water 

a~d vas affected by \Ndff only at low water regimesa Increasing %Ndff at 

low water regimes resulted in increased grain DM yields but this increase 

did not compensate for yl~ld 108s due ta restricted moisttire . 

• 

5.4 Conclusions 

Veekly irrigationvof wheet at r~' of the total class A pan 

evaporation during th~ whole irrigation interval and throug~out the 
'. 

aroving season resulted in higher fert~lizer N utilization and ~fficiency 

as measured by crop uptake and isotope dilution parameters compared to .. \ 

every tvo or every three week irrigation at 60 and 50\ of class A pan 

ev.poration during the vhole irrigation interval, respectively. Maximum 
. 

fertllizer N utilization and grain DM yields vere obtained with weekly 

" 

" 
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-lrr1sation and .plit application of urea-N. Yield !ndependent criteria , . 
<"dtt) tor Any tartilizer placement-.ethod vere independent of vat~r 

re,i.e, thu. lesdina to the conclusion that R utl1ization va. primarl1y a .. 
funetion of vster availability. \ 

p 

• 
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.. 
6. lII'I'I.OGD PIB'l'I.OR IY, SO~ (Glycin. Ma L.) m--z.&lmu 

. 
6.1 I.ntroduction 

'" Grain 1egumes are an important eomponent in the agricu1tural eropplng 

systems in Ztmbia, s~nee they provide-a signifieant protei~uree for both 

human and animal ~onsumption. Soybeans (Glycin! mAX L.) are ~g 

introdueed as a cash crop to small scale produeers who have'only groundnut 
. 

Araehis hypogea L.), beans (Phaseolus vulgaris L.), cowp~as (!1&nl 

unguieulata L.) and bambara groundnut (voanzeia 8ubt~rraneà L.) as legumes 
i. 

for rotation in_their farming systems. The tradi~ional legumes have 
J 

agronomic limitations for expansion (Java~ri and Nkumbula, 1984) ," 

Soybeans, on the other band, have a relatively good yield potential and allo 
, 

~ . pos'sess resistance ta disease and insect attack. Little il known, however, 
. l • 

about the nitrogen fixing capacity of different soybean c~ltivars adapted to 

Zambian conditions. Without an accurate measure of the N2 fixing capaeity 
J. 

in the field, no baseline exists to aasess the present agronomie 

signifieanee and-impact of N2 fixation. 

Quantifying N2 fixatiqn by the isotope dilution me~hod requires 

referenee to a non-fixing control. This ~nerally involves labelling the 

soil vith l5N (organieally or inorganica1ly) and calculating tbe .mount of 

N2 fixed by isotope d~lution (Fried and Mldd1eboe, 1977; F~iea et al_, ~983; 

Rennie, 1984). The 15N concen~ration i~ the non-fixing plant provide. an 

integrated measure of the isotopie compositio~ of the soil and(or tertl11zer 

derived nitrogen. The reference criteria for N2 f~tion .tudiè. have been 
...., 

)4 
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\ 

exten.ively di.cu •• ed by rried et al. (1983), aennie (1979; 1984; 1986) and 

t.nnl. and aennie (1983). 

The objective. of thl. .tudy .ere to compare and .elect the most 

appropriate non-fixing control for estimating N2 fixation by soybeans and 

~ as.e •• yield. and N2 fixation for soybeans ln Zambia. 

6.2 Kat.rial. and Keth~d. 

~ 1 

Elperiments to quant if y N2 fixation by soybeans in Zambia were 
1 .\ 

conducted at the National Irrigation Research Station, Nanga, Zambia. These 

experiments vere desilned to evaluate the choice of non-fixing contrbl 

plants to quant if y N~ fix~tion by 15N dil~tion and th~ ability of th~; 

soybean cultivars to suppdrt symb!otic fixation by Bradyrhizobium·japonicum. 
. . 1 

The characteriatics ~f the Typic Haplustalf soil o~vhich the 

experiments vere carr!ed out have been described in Section 3. ~ 
1 

Tvo methods of incorporating l5~ labelled materials vere ~tilized, 
1 

namely a~plication l5N-laJelled organic mat~al and application of 
l ' .... \1 

15N-Iabelled inorganic fettilizer. The former methoq vas utilized in 

choosing non-Iegume raference crops for estimating N2 fixation by l5N 

dilution and the latter in assessing nonn~lating soybean cultivars for 

their suitability to serve as reference crops for estimating N2 fixation as 

vell as~n selecting soybean cultivars for their ability t~ fix N2' 

The ~xperimental sites vere pre-irrigated, th en ploughed and disced to 

prepare a uniform seedbed. 

• 

. ~ -1 . r. 
.~~ 

\ . ~ 
j 

J~I 

Macro and microelements vere applied as a 
~ 

1 , 
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blanket application of SO kg P ba- l a. tripl_ auper pbo.phatl. 60 ka l ha- l 

as·K~S04. 18 kg Hg ha-~~~~04. 0.08 ka Ho b.~l~. K020~. O:'.k& 1 ha-1 aa 

Na3B04 and 3 kg Zn ha-l~aa znS04' 

In the first experiment tbe plota vere organically lahelled vith 
.'=:J 

molasse& as a carbon source and lSN urea as the N iource (LeSS and Sloser. 
" 

19~5~. 15N-labelled urea at 4.56 atom ~ l5N èxceia va. applied at a rate of 

'100 kg N ha- l . The required amount of molasses for each replieation vaa 

~ diluted in 7, litres of vaFer as al; l molaases: vater mixture can,d un~form~ 

sprayed on the surface of the soil. The molasseÎ vere app1ied in three 

.' 

separate applications at veekly intervals prior to seeding. The final C:N 

rat~o vas calculated to be 100:1. The plots ~eceived 14 mm of irrigation 

,three times a veek. Control Plants included Finger millet (Eleu81no 

corocana L.), Pearl millet (Panicum giaucum L.), Rhodesgrasa (Cbloris' aayana 
, i 

L.) and a n~n-nodulating soybean cu~tivar (Glycine m!X cv. D68-~099) 
. 

supplied by Dr: Carter, USD!, North Carolin,. The nodulating aoybean 

Glycine ~ cv. Hagoye, a loc~l cultivar, vas inoculated vitK & mixture of 

1. "'"japonicum strains MH48 and US 110 . 

The experiment (control plants and sampling dataI) va. arr,nsad in , 

completely randomized block design vith four replieationa. The experim~ntal ., 
plots vere planted on 6 December 1983 at a seeding rate of 40 .eed. m- l rov 

for soybeans. The grasses'vere pl~nted at 10 kg ha- l . Soybean leed. vere 

, inoculated with a liquid suspension of a mixture of' US110 and lIK48 1., 

1aponicum strains to ensure 106 c~lls pet seed. 

The tl:'-eatments 'of the se,cond experiment are summarized in Table 6.1. 
• 1} 

The experiment vas arranged in a completely randomized factoriel de.laft. In 
, " . 

r 

1 • 
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Table 6.1. 
~ ~ 

Cultivars 

NQdulatiDi 
Bouier 
Ma goy!! 
Santa Rosa 

-121-

Componenta of the oexper+ment for aelection of 
nonnodu1ating aoybean cultivara as reference 
crop. by 15N isotope di1tution and of fixing 
cultivars for their ability to suppo~ N2 
fixation by R. 1aponicum 

Inoculi 

US110 
MM48 

Fertil1zer N 
rates 

kg N ha- 1 

20 and 100 

NQnnodu1ating 
Clark RJ1 US1l0 

HM48 
20 and 100 

D68 -0099 
N77 

\-
o 

,. (':. 
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~ch plot. one treatment of the fixing plant v •• inoculat.d ~lth USllO ~hl1. 

the other treatment of the .ame cultivar va. lnoculated vith KM48 1. 

1apODicym strain •• local isolate. Ure. va. appll.d at tvo Leval •• 20 ka N 

ha- 1 at 4.56 atom , 15N excesJ and 100 kg N ha- l at 0.96 atom , 15~ exc •••. 

The soybeans vere planted on 6 December 1983 at 40 seeda per meter rov . 
.. 

Rovs of nonnodulating cultivars vere alternated vith rova of nodulatina 

cultivars in all cases. 

-Irrigation vas applie~ to ~oth experiments to en~ure uniform emergence 

and (200 mm) during December and January dry spella to ensure good crop 

growth. 
Il 

" Plants vere harveste; at four different sampling dates (Table 6.2). On 

each sampling date. a coiposite sample from a 0.15 m section of eacll row (5 
1 

plants) of nodulating and corresponding non-nodulating variet!es of soybeans 

vas obtained. 
-'\ 

No attempt vas made to coliect abscised Leaves and petioles. 

At harvest, one m2 area from each plot was harvested to assess final dry' 

matter yields. Strav. pods/hulls and seed plant parts vere separatad, oven 
'\ 

dried at 60 Oc to constant weight ground to pass a 425 um steve and welghed. 

, "-
Total N c~ntent vas determined using a modified semi-micro Kjeldahl 

procedure (Rennie and Paul, 1971). After ana1ysis the disti1late vas 

acidified with 0.05 H H2S04 and concentr~ted for 15N assay on a'NID5 

emission spectrometer using the lithium hypobromite oxidation procedure. 

~itrogen fixation estimates for a1l sampling dates vere based on the 

total aboveground plant parts and vere calculated using the isotope dilution 

formula (Rennie and Rennie. 1983): 

/ 

\ a :-. 

.' 
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Table 6.2. Grovth .ta,ea of ioybean (glycine mi& L.) at wbi~h harvests 
vere takln, 

Harveat Day. after Hagoye Non~nod~l.ting cultivars 
pl~nt1ng Bossier and Santa Ros~ 

1 46 begining bloom mid-bloom 
2 69 mld-bloom pod production 
3 76 pod production 1?ean development 
4 84 . bean development beans full size 

• phy': io logic.al maturity 

• 

\ 

-( 
.' • ... </j 
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.tom ': 15N exe ••• (f1~ln8) 

'N4fa - (1 - 1 x 100 . 
• tom , 15N exce •• (non-f1xing)' 

t-o 

atom , 15N exeess(fixing) 

N2 fixed - (1 ) X N yield(fixlng) 

atom , 15N excess(non-f1xlng) 

Nltrogen derived from fértilizer (Ndff) vas ca1culated from: 

atom ,·lSN excesS,(p1B;nt) 

X 100 

atom , l5N excess(fertilizer) 

The percent utilization of app1ied fertilizer N. i.e., the peE'cent 

fertilizer uge efficiency ('FUE) was calculated from: 

'Ndff X N yield (kg N ha- l ) 

'FUE - X 100 

N application rate (kg N ha.-1) 

The 'A' value as an index of- sail N availabUity to indic.te the 

suitability of each non-fixing control vas calculated from: 

'A' value - X N application rate (kg N ha- l )' 

where, Ndfs - 100 - ('Ndff + 'Ndfa) 
~ 
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6.3 leàu1t. and Dlscuas10D ~ 

Dry matter (DH) and N yields of aIl crop. srown on plots that received 

15N-labelled organie material are preaented in Tables 6.3 and 6.4. The N 

yield of Finger millet and Rhodesgrass remained signifieantly lover tha~ 

that of MaSoye throughout the srowing period (Table 6.4). The yield of the 

nonnodulating cultivar became signifieantly lower than Hagoye 69 days after 

planting (DAP) and remained as such thereafter. In contrast, N yie~d of 
~ 

Pearl mille~ was equal or significa~tly higher than the nodulating cultivar 

thrGughout the growing period. Nitrogen uptake of a~l reference crops 

peaked ~t 76.DAP, while that of the nodulating cultivar was still inèreasing 

at 84 DAP. 
o 

In ehoosing th~ appropriate reference crop the following factors (Fried 

e~ al., 1983) were cOnsidered: 
~ 

r 

a. Absence of N2-fixing activity. Inspection of t~e fixing crop 

revealed massive nodulation, while there were no nodules on the 

nonnodulating cultivar. 

b. Relative feedin& pattern of standard and fixing ·crop. ALthough the 

referenee and the N2-fixing crops do not have to absorb the same quantity of 

total N, both should absorb similar ratios of available N from soil and 

fertilizer (Fried et al., 1983). Of the three non-legume referenee crops, 

~nly Pearl millet conaistently fulfilled this requirement (Table 6.5). 

e. Time of arqwtb of reference and fixing crop. The "A" values of the 

~o~r as determined using the nonnodulating cultivar increased sharply with 

lt la apparent that Finger millet and Rhodesgrass were 

\ 

~ . 
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Tabl~ 6.3. o Dry matter yields of soybeans and non-nodu1ating control plants at the f~ 
" harvest tfmes 

1 

C:J:'op , lIarvest -1 Harvest 4 Harvest 2 Harvest 3 

Vhole plant Who1e plant Strav POds/ Seed Straw Pods/ Seed 
hulls hulls 

________ ===== g 5 p1ants-T _________ = 
1 

&.goye 32.4a+ 79.3b 77.7b 2.1b 86.6b l7.la 
. Non-nooulating. 27.7a 30.9c 28.6c 10.la 16.1 l6.Se .11. la 
linger mUlet 4.6e 6.4c n.8d 3.4d 
Pearl millet 15.2b 160.9a 191.8a 284.8a 
Rhodesgrass 7.Sbc 18.2e 16.3d l7.8c 

+ Hean.~lues folloved by the same letter in same eolumn are not signifieantly 
different at P.<O.OS . 

, -., 

l2.4 
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Table 6.4. Nltro~en yields of soybeans and non-nodulating eon~rol plants at the four 
\ . harvest times 

" Crop' Harvest l Barvest 2 Harvest 3 Barvest 4 ., -
<~-

• Whole plant Whole plant Straw Pods/ Seed Strav Pods/ Seed 
hulls hulls 

g 5 plants- l 
1 ... 

Hagoye 0.53a+ 0.79b 1.39~ 0.06b 1.48b 0.42a N ...., 
Non-nodul.ting 0.37a 0.45c 0.2ge 0.13a 0.61 0.14e O.13b 0.50 1 

" !l'inger millet O.07b O.OSe O.lged O.04c 
Pearl millet 0.44a 1.96a 2.75. 3.32a 
Rhodesgrass Otllb 0.18e 0.23d 0.36c 

+ Hean values f~lloved by the same let ter in same column are not signifieantly 1> -

different a~P<o.05. ~ 

l' 

--- /1 

l • r" 

, 
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'l'able 6.-5. Atom' 155 exceu, in soybeans and non~nodulating control plants at the four' 
harvest times .. 

Crop Harvest 1 Harvest 2 

Whole plant Whole plant 

;:aoye 0.3ge+ O.Ud 
on-nodulating 0.76a 0.45bc 

Finger millet 0.55b O.50b 
Pearl millet ... O.7la 0 . .58a 
lUtodesgrass 0.57b 0.43c 

Harvest 3 

Strav Pods/ Seed 
hulls 

O.ZOb O.22b 
0.53a 0.44a 0.51 
O.36b 
0.51a 
0.3'4a 

Harvest 4 

Stra'" Pods/ 
hulla 

O.1ge O.18b 
0~4la 0.45a 
O.36b 
0.49a 
0.3lb 

+ Hean values follo"ed by' the same letter in same column are not signifi~ntly" 
,r,tfferent at P<O.05. 

\l 
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Compa~i.on of po •• lbl. non-legume crop. al reference for 
..timating 12 fixation by 15N isotope dilution 

, 
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o 

explorina different soil volumes compared to th •. fixlna cultivar and P.arl 
( 

millet, bath-of vhich app.rently vere exploring .tmjlar .oil volum.s. To 
\ - ',,' , ~ 

·~cùl.te d.t. in Tabl~ 6.6. the a •• umption va. made that the nodulatl~ and 

nonnodulating~cultivars had aimilar grovth pattern.. Thi, apparently va. 

not the case. since the nonnodulating cultivar vas progresains through 

growth stages at a fas~er pace than the nodulatins one (Table 6.2). 

Further. 'the N uptake patterns of an C?ropa over the .ampl1ng intervala 

(Fig. 6.1) would süggest that Pearl millet was more suitable as a reference 

crop in .these experiment;. 

The nonnodulating cultivar and Pearl millet yielded higher eatimatea of 
.tif 

~ymbiotic N2 fixation throughout the growing period with an exception at . 
harvest 2 (Table 6.7). The 'Ndfa had increased by thé second sampling (69 

DAP) and remained relatively,eonstant for the nonnodulating cultivar and 

Pearl millet but declined for Finger millet and Rhodesgtass (Table 6.7). 

Ooly the data fo~ the first and fourth harvests are reported for the 

second, experiment-. No s1gnificant differenees for any measured parameter -

due to inoculation of nonl'lodulating soybean cultivars vith). )aponicum 
- , 

_US110 or HM48 strains were obtained, henee the av~rage values for the tvo 
1 

i 

inocula are presented (Tables 6.8. 6.9 and 6.10). At antheai., atom' 15 N 

excess and 'Ndff of the nonnodulati~g soybean cultivars vere stati.tic4lly 

the same for all cultivars but vere signifieantly affected by N application 
r 

rate (Table 6.8). At maturity, although atom , 15N exeess in vatiou. plant 
. v . 

parts of nonnodulating eultivar~ was significantly affeeted by eultiv.r and 

N rate. , Ndff values were significantly affected by N rate only (Table 

6.10). Therefore, at this srowth stage all nonJodulating cultivar. 

exhibited more or less ~imilar characteristics. 

/ 
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Figure 6.1 Changes in Nitrogen uptake by Glycine max cv. Magoye ( ) and 
D68009 (0) and non-fixing reference crops (*Eleuisine corocana 
L., - Panicum glaucum L., and x Chloris galana L.) between 
sampling intervals d~ing the growing season • 
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~able 6.7. Perçent Ndfa in.soybeans estimated from various control 
plants at the four harvest times .. 

Control Harv;est 1 Harvest 2 Harvest 3* Harvest 4* 

Non-podulating + .. 48. 9a ~ S2.3b 58.2a 59.6a 
linger lIlillet 45.4. 62.7. 44 .. 3b 40.9b 
Pearl millet 29.5b 56.9a 57.2a 60 . .7a 
Rhodesgrass 31.9b 49.5b 41.3b 38.7b 

) 
./ 

* veighted ~lues for all plant parts. 
+ Hean values folloved by the SaBe letter in same column are not 

significantly differ~nt at P<O.05. .. 
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Table 6.8. Dry matter and nitrogen yie1d and N isotope eharacteristies of 
non-nodulating soybéan cultivars at 46 days after p1anting 

{ . 
l --. 

Cultivar Bitrogen Dry matter Nitrogen Atom' 15N Ndff Ferti1izer 
rate 1 yield, yield excess use effiCiejCY 

kg ha-1 Hg ha- l kg ha- l , 
-- -----..-

U1 20 2.15 40 0.58 12.7 . 25.4 
100 3.il 64 0.44 45.6 29.1 

D68 20 3.48 54 0.56 12:2 .33.1 
~ 100 , ,. 3.30 73 0.44 46.5 37.8 

-
N77 20 3.28 59 ~ . 0.54 11.9 35.1 

100 2.82 45 0.43 44.5 20.0 

Sfspificanee • 

Cultivar ** * ns ns ** N rate *. ** ** *** ** Cultivar X N rate ** *** ns ns *** 
'1 

0( 

***, **, * and na - Signifieant at P<O.001, P<O.~L. P<0.05 and not sisnif~eant. 
respeetive1y • 
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Table 6.9. Dry matter and nitrogen yield of non-nodulàting soybean cultivars 84 day. 
" after p1anting .. ,..., 

~ .. - ---- ---- .------ -~~ ~--_._-------. 

~ Nitrogen J Dry mattet; Nitrogen 
Cultivar rate ~ 

S~raY , Pods Seed Total Straw Pods Seed Total 1 0 

... 1) " 

kg ha- l Hg ha- l kg ha-1 

• '-' ( 0 RJl 20 1.2 0.6 1.7 ~ 3.5 5 4 53 62 1 
-~ 100 4.6 1.3 1-.5 7.4 32 9 52 94 

ç 

D68 20 2.2 1.3 , 2.1 5.1 19 7 74 100 Q 

~. 

0 ' 100 1.9 1.0 °2.5 5.4 • 16 10 87 '113 \ .- " 
t 

N77 20 2.0 0.7 2.1 ,4.8 12 5 60 77 ... 
~ '" " 100 '4.2 1.2 3.3 8.7 31 9 100 139 .. 

t 

\ ~ Sltmificance 

f'. , Cultivar 0* us ** ** * ** ** ** , , 
N rate *-If * **' ** ** ** * ** 
Cultivar X N rate ** * * *** ** ns ** ns-

~, 

***, ~, * and n~ - Signl~leant at P<O.OOl. P<O.Ol, P<O.05 ~nd not signifieant, 
respectively. 
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Table 6.10. Nitrogen isotopé c~racteristies of non-nodu1atlng ~oybéan 
cultivars 84 days after planting • 

Nitrogen Âtom , 15N exéess '-.,..-- Fertil ir.eJ 
Cultiv--,! ra~e Ndff ' 

Strav Pods Seed 
r-

kg ha-1 \ 

.Ul 20 . 0.33 0.48 0.56 12.3 68.0 
100 0.31 0.41 0.52 45.0 47.9 

\ 
"""",8 20 ~0.44 0.36 0.39 8-.7 43.6 

100 0.39 0.27 0.47 45.9 51. 9 . 
.... "'-" 

N77 ... 20 0.30 0'.53 0.55 11.1 43.0 
100 0.22 0.46- 0.39 37.0 51.4 

~ 

Slgifieanee # 

• 
Cultivar' * ** 0!- ns * N r4te * * 1 ** *** ** 
CùltiV8~ X N rate ** ns * ns ' ** 

• 
" ***, **, * and n~ - Signifieant at P~O.OOl, P<0.01, P<0.05 and 

not significant, respectively. 

-
'" 

~ .... 

/' 
-"" 

b 

t« 

" 

~ '1 .( 

] -

I 

, 

j 
J 

1 1 '. ... 
~ 
en 

CI , 

,1 

" 
Cl 

j5 V 
t.. 

I.r 

~ 



-' 

o 

o • 

- ,0 

/ 

-136r 

The type of inoculum h~d no signifieant effeet on Any of the plant" . 

parameter. determined for uodulating ~ultivar. at ant~ •• i~ 'Kee~t N yi.id 

" (Table 6.11). Dry matter and N yielda at thi. atase .ere statistically the 

same for aIl cultivara but ~ yields vere aignificantly affected by N 

application rate. Vith the -exception of Bouier, application of 100 kg N 

ha- l actually resulted in lower ~-yields. qalculation of , Ndfa values 
1 

using either of the three nonnodulating.cultivar~ as • referenee crop .hovad 

that N2 fixation was for the most part inhibited at this high N application 

rate. Further, use of Any of the three nonnodulating cultivara as a 

reference crop resulted in similar \Ndfa estimates, 'except at 100 kg N ha- l 

application rate, at whtc~ D68-0099 led to ,higher est'imates for Bouier and 

Hagoye. Sinee active fixation was taking place only at 20 kg N ha- 1 

app~ication rate~and because aIl three nonnodulating cultivars were 
. 

exploring similar soil volumes (Table 6.12) Any .~ them would be a suitable 

reftfren/e crop at 
.. 

anthesis. Of the t~ee fixing soybean cultivars Magoye 

yielded the highest -\Nfda values (40-50\) at -this growth stage (Table 6.11). 

"' . , 
Contrary to anthesis, the bK yields of the three 'cultivars were 

statistical1y diff~rent 84 DAP (Table 6.13). Magoye yie1ded the highest 

total DM yield but no seeds had been formed at sampling time. However, DM 

y:~s of this cultivar taken at a later date and at full maturity vere in 

the trder of 3.7 Mg seed ha- l . The type of inoculum continued to have no 

effeet on DH. yields through to this st~ge but signifieant!y affected N 

yields. Total DM yields vere, except in 6ne case, statiatically lo~r vith 

,f; 100 kg N ba-1 application' rate., thu. ~ting that ,OK Yiel~ reuta trOll 

, 
1 

\ \ 
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Table 6.11. COJaparison of soybean cu.l.tlvars at 46 days after plant\ng for thei.r ability ta support 

Cultivar 

Boss 1er 

syabiotic H2 fixation at Hanga. Zambia \ 
\ 

\) - ~ 

\ 
G' 

Inoculu. Nitrogen Dry matter Nitrogen 
yi.eld 

Atom. " 151 " Ndff, . Fertilizer Ndfa 
rate yi.eld' excess use 

\ RJl D68 H77 

USII0 

~ ha- 1 lIg ha- 1 l'kg ha-1 \, __________ ..... 

20 3.37 62 0.47 10.'3 '~i\o 18.6 15.3 13.4 

~t: 100 5.14 82 0.40 41.4 34.~. 9.1 20:5 7.0 
20 4.66 80 0.38 8.3 33.2\ 34.6 32.0 30.4 

lOO 5.31 113 0.53 55.0 61.8 -20.6 ~-5.5 -23.~ 
\ • . ... 

Hagoye USIIO 20 -
100 
20. 

4.53 
4. 36 ~ 
4.95 

99 
82 

131 

0.34 
0.39 
0.26 

7.4 
40.6 
5.7 

36.4 
33.1 
37.2 

\ 42.0 
\10.9 
"1.1 
1\9 

39.6 
22.0 
48.5 
~3.5 

38.2 .. ,!J «.t 
-..,J 

8.8 1 

1 
MH48 

Santa Rosa USIIO 

MK48 

Cultivar 
Inoculum 
N rate 
Cultivar X inoculum 
Cultivar 'x 1 rate .. 
Inoculum X 1 rate 

100 

20 
100 

20 
100 

Cultiva~ X inoculum X N rate 

3.18 

4.95 
4.05 
4.26 
4.72 

ns 
ns 

** ns 
ns 
ns 

* 

69 

113 
79 

104 
98 

ns 

* 
*** ns 

ns 

* 
** 

0.48 

0.35 
0.58 
0.36 
0.51 

50.0 
1 

7.7 
60.4 
7.9 

53.1 

Sfpnificance 

*** *** 
ns ns 

,*** *** ns *** 

*** *** ns ns 
*** *** 

34.5 

43.4 
47.7 
41.0 
52.0 

21.1 
-0.9\ 
18.3 
11.3 

*** 
ns 

* ns 

*** ns 

*** 

31.0 
-;5.0 

\ 28.5 
\ 7.7 

\ 

\ 
~ 
n~ 

39.8 
11.5 

19.3 
-7.4 
16.4 

5.5 

~ 

-
**'If 

ns 
* \ \ns 

\ ' 

na \' na *** ./ *** 
ns ns 

*** '\'Irlrlt 

***. **, * and ns - Signifieant at P<O.OOl, P<O.Ol, 'P<0.05 gnd not signifieant, respeetively. 
, , 

" 

.... 



o 

o 

\ 

-138-

Table 6.12. 'A'-values for nodulating cultivar. of .oyb.an 
calcu1atedpon the ba.ia of tbe non-nodulating 
cultivars at 46 days after planting 

Non-nodu1ating 
cultivar 

RJl 

068 

N77 

It 

Fertilizer 
rate 

• 

'A' -values 

_____ kg N ha- 1 

20 

20 

138 

144 

148 • 

( 



~ ~ ~ 
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Table 6.13. Dry aatter and nitrogen yield of nodulating soybean cultivars 84 days after planting 
~ 

./ . -

Nitrogen Dry matter Nitrogen 

/ Cultivar Inocu1um rat~ 

Straw Pods 'Seed Total Straw Pods Seed Total 

kg ha-1 ___ Hg ha-1 kg ha-1 

iii Bossiet: USI10 . 20 7.0 1.7 3.5 12.1 53 ·13 116 181, 
100 ~ 6.4 1.8 3.3 11.5 62 18 107 187 

HH48 20 6.6 1.4 3.4 11.4 44 12 117 174 
100 4.6 0.9 1.1 7.2 67 18 63 148 

Hagoye USI10 20 10.8 1.6 12.4 193 13 206 
100 9.8 -1.9 11. 7 192 44 236 .. MH48 20 6, 15.4 1.6 17.0 2&9 41 330 • 

~ 
-..,. 

100 1{>.7 1.2 11.9 170 22 192 
c... 
\0 
t \ 

'anta Rosa US110 20 9.3 ;1..4 1.1 11.8 78 16 41 136 
. I()O 4.·3 1.0 1.3 6.7 49 16 49 114 

HK48 20 4.7 1.1 0.7 6 .. 4 77 16 26 117 
" 100 8.5 1.2 1.8 11.5 133 21 71 225 

Sfgnifi.cance 

Cultivar *** *** 
Inoculum ns * 
N rate *** na 
Cultivar X inoculum *** ** 
Cultivar X N rate" * 'l *** 
Inocu1um X N rate ",' ns ns 
Cultivar X inoculum X N rate *** *** 

f' 
***, **. * and ns - S~gnificant at P<O.OOl, P<O.Ol, P<0.05 and not significant, respective1y. 

r 
Il' 
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.. N2 fixation vere not. for the most part. compensated by thls N application 

rate in .pite of simi1ar N yields (Table 6.13). 

Estimates of 'Nf da using Clark RJI and N77 aa reference et 20 ka N ha- l 

crops vere si~ilar and considerabl, higher than thoee arrived at usina 

, D68-0099 as a reference (Table 6.14). This reflect, differencea in maturity 

dates as D68-0099' ia an early maturing cultivar and had reached a.n •• cenc' 

at this sampling time. This is also reflected in the "A" v~s for the 

three nonno,dulating cultivars at 84 DAP; vhereas those for the two former 

cultivars vere similar to each other and had not considerably changed since 

46 DAP, that of the latt;,.er had consi,derably increased (Tl:lbles 6.12 and --------

-r' 
6.15). On the basis of ~Ndfa and fertilizer use efficieney values at 84 

DAP, HagQle vas by far superior to Bosder and Santa Rosa in aupporting N2 

fixation by ~. japonicum. When this cultivar was inoculated with 1. 

japonicum HK48 strain yielded the highest amount of N2 fixed at 225 kg N 

ha- l . 

6.4 Conclusions 

Nonnodulating soybean (GLYcine mAX) cultivars Clark RJ~ and N77'or in 

their absence Pearl millet (Panicum alaucum L.) appear to be the be.t 

reference crops for estimating N2 fixation using the l5N isotope dilution 

technique in Zambia. A local soybean.fi~ing cultivar (Glycine mAIL. cv. 

Magoye) rated highest among three cultivars teated ~or it. ability to 

support symbiotic N2 fixation under the experimental conditl'ona. 
c 



. Significance 

Cultivar *** *** *** *** *** *** 
Inoculum /r-' ns *** *** ns 'kit ns 
N rate /.,..-J · *** ** *** *** 'kit *** 
Cul t :!:-var X inoculum ns ns *** ns ** ns 
C)ll'tivar X Nt1:ate *** ns *** *** *** ns 
(inocul~ X !4 râte *** ns *** ns *** ***-
~tivar X inocul~ X N rate *** ns *** *** *** *** 

• 

***~'kIt, * and ns - Significant at E<O.OOl, P<O.Ol, P<O.05 and not significant, reapectively. 
'*' ./ 

/ ~ 
'L-
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·Table 6.15. 'A'-va1u~s for nodulatlng cultivar. of loybean 
calculated on the bas!_ of the non-nodulating 
cultivars at 84 days after planting 

Non-nodulating 
cultivar . 

RJl 

D68 

N77 

,~ 
u~,~.u..\I~4>a.l. ...... ~:d' 

'-'----_--"".Q~..4.. • ....._:: 

~ 

1 \. 

Fertilizer 
rate 

,. . 

'A' -values 

_____ kg N ha- l ____ _ 

20 151 

20 2.07 

20 157 

.. 
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7. VDA'l' YDLDS lB JlADE-VllU'r ABD SODUlI-VIII&'l JlO7A'l'IOliS 

7.1 Introduction 

Grain legumea play an 

provide a significant 

... ;- -,." 

important ~~e in agricultural systems aince t:hey 

source of p~tein for bath humsn and animal 

conaumption. In addition, the y provid~ an inexpensive source of f~~N 

for the crop itself as wéll iU f.)r subsequent crops in crop rota'tions. 

This ia of importance to developing countries since the fertilizer N costs 

are inereasing and consequently the fertilizer.supply to farmers is being 

redueed. Thus, biologiepl N fixation ia a viable alternative for theae 
~ 

eountries, where escalating energy costs render the uae of synthetie N 

produeta prohibitive . 
• 

4 Legumes are known to increase soil N levels (National Aeademy of 

Science, 1979j Ladd et al., 1981; Reddy et al., 1986). Consequently they 

improve the'produetivity of subsequent,cereal crops (Singh and Awasthi, 

1978). Legume materials contribu~e onlya small portion of the available 

N pool. Their main value appears to be long term, i.e., in their capacity 

to maintain or intrease concentrations of soil organic N to be decomposed 

at relatively slow rates in the following years (Ladd et al., 1981). 

Section 6 dealt vith establishtng a baseline for N2-fixation of 
, ) 

soybean cultivars adapted to Zambian conditions. Th4s Section will 

examine tbe agronomie significance and impact of N2-fixation when soybeans 

are inc1uded in rotations. 

The objectives of this study vere to eva1uate (i) amounts of N fixed 
-

by two soyb~an (Glycine m!X L.) cultivirs et two levels of P in the first 

-\ -
. ( .- ("-

! 
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" 
erop aeason of a rotation, and (il) the reaidual'effect of appl1ed N and P .. 
fertilizer. or biologieally fixed N2.on Yh.at arovth in a ·.oyb.an~Yheat 

(Irlticym aestiyum L.) and a maize (~ mIXl:L.)-Yb.at rotation. 

7.2 llateriala and Kethoda 

A tvo erop selson experiment vas c~rried out at the National 

Irrigation Research St~tion, Nanga, Zambia. The charaeteri.tic. of th. 

Haplustalf soil at the site have been described in Section 3. 

Haize (Zea ~ays L. c~. MH502) and three cultivars of soybeans 

" (Glycine max L.) were planted on 23 December, 1983. Haize was planted at 

25 cm stations vith an inte~row spacing of 80 cm. The 1egume cultivars 

(Bossier. Hagoye and Chappewa) were planted at 15 cm spacings vith an 

interrow spacing of 40 cm. A li~uid suspension of Bradyrhlzoblum 

japonicum inoculum strain US110 was app1ied over the seeds to ensure 106 

if cells per seed and covered immediately. Irrigation was applied to enaure 

uniform emergenee and during January-Feb~ry dry .pells for maximum erop 

growth. 

The expertment in the first year of the rotation vas arranged in a 

comp1etely randomi~ed bloek design vith six replic.tion~. The yield plot 

for the fixing l.l,gume cultivars vas 6 m X 4.8 m. The isotope subplot 'for 

the fixing (Bossier and Magoye) and non-fixing (Chappeva) cultivars va. 
/' 

2.4 m X 2.4 m. The yield ~lot for the cereal (Haize) va •• 8.4 m X 4,8 m . ... .. 
Hicronutrients vere applied as a-blanket application of 80 g K0203, 

aD g CuS04 and 8 kg ZnS04 h~. All plots received 70 kg X and 2?;i> kg S 
""', ) 

ha-l, r;spective!y as K2S04' Cha~pewa atarted flowering 30 day. after 

/ 

--:----
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emera.nce. ,Thi. nece •• itated taking .equential harve.t. of ti.sue samples 

fram rava in.t.ad of plota 1n the 15N aubplota. Th. firat harvelt vaa 42 

day. and the .econd 72_day. aft~r planting. Harvelt Qf soybeans_for grain 

vaa tak.n on 18 April, 1984. Haiz-e .t'rav at}d grain vas harvested. 24 

April, 1984. 

In the aecond crop ~ea8on, vheet (Tritieum aestivvm L. cv. EMU's') 

vaa p~anted on 5 Hay, 1984. The vheat vas drilled at 20 cm interrov 

.paeing. Pre-irrigation vaa applied seven days prior ~o seeding to 
"1 

eatabliah a homogeneoua moiature profile. A weekly irrigation at 70 , of 

o total ela.s A p-.n evapora,tion during the whole irrigdtion interval was 

applied. The experiment was a eompletely randomized bloek design vith six 

replieations. The yield subplot for the ~heat was 6 m X 4.8 m. The 

rotation. and the N and P fertilizer program involved are summarized in 
-

Table 7.1. Macro; and micronutriènts were applied at the same rates as 

,for the first crop of the rotation. Wheat straw and graiy were harvested 

qn 5 September, 1984. 

All plant tissue samples vere dried at 65 Oc and ground in a Viley 
o -

mill to pasa 425 um aieve. -Analysis for total N was carried out using a .. 
15

N
-modified semi-miero Kjeldahl procedure (Rennie and Paul, 1971). assay' 

va. carried out in a 602E Hicromass mass spect~ometer. Total P was 
(7""" 

determined by the vanadomolybdophosphoric acid method (01sen and Sommers, 

1982). 32p vas_ first concentrated as magnesium )mmonium phosphate ~ 

[Hg(NH4)P04.6H20] and counting vas carried out·in a Ge~ger Huller counting 

ayttem. Isotopie parameters vere, calculated by the methods described by -

aennie and Paul (1971). 

• 

___ ________ - .. J~ 

1 . , 
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T~ble 7.1. Fert!lizer P and N treatments of tvo season rotations in Zambia 

;r 

First season $ Second season 
Firat ~eason crov folioved by 
1r1tieum a,stlvum L; ev. EKU's' Nitrogen Phosphorus Nitrogen Phoaphorus 

r ,J> 

kg ha-1 

G~Yeine ~ L. cv .. Bossier 20+ o _ 6.0 30++ 
20 30. 60 30 

GLYCine ~ L. cv. Hagoye 20 0 60 30 
°20 30 60 30 

I!A IY.D. L. cv. lIKS02 20 0 60 30 
,20 30 60 30, 

60 0 60 , 30 
60 30 60 30 

+ All ni~rogen treataents tn,first season vere 15N-labelled vith 4.56 atoa' 
15N ezcess. 

++ All P t~eataents tn second season Ye~e 32P-labelled 

\... 

\ 

• 

• 
CIo 

• 

" 

• 

o 

\ 

j. 

.-- -

<; 
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7.3 leaul.ta and Dbcuaaloa 
o 

No .ignificant difference. in the total .amount ,of'dry matter (DM) 

yf.e1d. betveen the tvo fixing ',oybean çt11tivar. vere obtained at 42 days 

'after planting (Table 7.2). Thare ~48 a aignificant interaction o~ both 

cultivars and P on atom , 15N and 'Ndff, the latter oving to a significant 

reduction in 'Ndff value for Magoye. Maximum 5~ fixation at this sampling 

va. attained by Hagoye '(Table 7.2) . 

At, 72 days after planting there vas still no significant difference 
j 

,t 
in atrav DM yield between the two fixl~g cultivars (Table 7.3); BOBsier 

baing an earlier maturing cultivar (100 days to maturity) than Magoye (125 
\ 

days to maturity) had set,seed, while the latter vas at pod set. This is . 
reflected in the total DM yield for Bos,der (Table 3), "'-The total N y~eld, 

hovever, ~as statistically the same reflecting higher 5 cqncentrations in 

the Magoye strav. Both fixins cultivars responded to P applicati~n (Table 

7.3). 

Atom , 15N excess of Hagoye vas significantly lover than that of 

. Boader (Table 7.4). Es~imates of NZ f;xation using Chappeva as a 

reference crop suggested that Magoye vas auperior in its ability to 
, 0 

'.uppor\: 52 fixation by 1. japonicum (Table 7 .. 4), vhich'is'consistent vith 

Up to(SO' of N vas derived from fixation. 

"' \ 

the re~of Section 6. 

Thare vas no signifi~ant effect of P on 15N enrichment of both cultivars 

(Table 7.4). , 

. The 'À' values for 'bothrfixing (BOSS1er/and Hagoye) and the 

non-fixing (Chappeva) soybean culti~ars vere similar (Table 7.~). The 
• 0 

, . " 
cultivars vere exploring similar soil volume~-and by implication took N of 

.. 

-. 

,<> 
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Table 7.2. Comparison of soybean cultivars for their ability to support 
symbiotic N2 fix,tion by ~_ Japonicum at 42 days alter planting 

"t «J ,. 

, 
Cultivar Prate, Y1eld Atom \ l5N Ndfa1 Ndff 

eXCess 
DrY matter Nitrôgen 

""b 

g 5plants- l mg 5plants-1 '\ 

f 
, 

Bouier 0 3.29 
30 3.56 

1 

~ '82.4. " 0.4211 
f 

9.2 15.1 
78.5 0.4240 16.6 ~ 

Hagoye i) 2.92 69.9 0.3246 34.6 7.1· 
30 -3.22 84.1 0.482.7 5.0 10.6 

CUltivar ns 
Sfp.1.fi~ 

ns ns ns na 
Phoaphorua ns ns ** *** ** 
Cultivar "X P ns na ***' *** "** 

~- .. , 

1 uoDnodulating cultivar Chappe .. used as a refereuce crop. Q 

... 

***'. frlt. * and us·- Slgnificant at P<O.Q01. P<O.Ol. P<O.05 and uot significant," 
{) l'espectively. 

:" 

" .J~ 

r.. 

\ 

o 

" J 
VJ'; 

6 

. 
of 

,', ... .... 
C)O , 
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C Table 7.3. Dry matter and nitrogen yield-of soybean cultivars 72 day~ after 
planti~ , " 

• 

. 
Dry matter yield . 

èultivar Prate 
A 

Nit:L(",gen yield ../ 
Seeds (total) 

~f 

,. 

Strav Pods Tqtal 

kg hà- l '{ ~ 
~ ha-l: kg l\a-1 & 

Bossier 0 4.5 l.~ 0.4 6.2 87.6 
30 4.9 1.2 0.6 6.7';- 98.2 

';" " 

~Hagoye 0 4.3 0.1 4.4 76.4 
30 6.1 0.1 

~ 6.5 94.5 .. 
" ), 

Significanee 
Cultivar ns *** ns 
Phosphorus ** ns 0 ** * ~l ns _ t Cultivar X P ns - ns 

;. " ***. 'kit, * and ns --'Sign~fi,eant at·P<0.O'01. 1'<0.01. P<0.05 and no~ signifieant. 
respec:;,tively., • 

.' 
... .. 

\ ,. ~ 

~ 

, -

. / 

" 

at 
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,~ 
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.. 
\ 
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.Table 7.4. 

Cultivar 0 

Bossj.er 

Hagoye 

Cultivar 
Phoaphorua 
Cultivar X 

-150-

Comparison of soybean eultiverà for their ability to , 
support N2 fixation by 1. 1âponicy; 72 days after 
planting " 

P rate . Atom \o15N exeess , Ndff \Ndfal . 
kg ha- l 

// 

0 '0.3088 
\ 

6.8 36.7 
30 0.2982 6.5 39.0 

0 \0.2393 5.2 50.9 
30 0.2647 5.8 45.9 

~ 

Significance 

*** na *** Da- ns nI 
P Da r ns nI 

l Nonnodulating cultivar Chappewa used as a re(erence crop 
*** and ns - Signifieant at P<O.OOl and not signifieant at 

. P<O.05. 
, 

, 
) \. 

.r~~ 

.---

\ 

} 
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Table 7.5. 'A' ,value. for nonnodulating and nodulating aoybean 
cultivari 

'\ Cultivar P rate Ndff "A" value 

~g ha-1 , kg' N ha- 1 

Chappewa 0 10.7 167 
30 10.7 166 

" 

Bossier 0 6.8 162 
30· 6.5 166 

0 

Kagoye 0 5.3 167 
30 5.8 167 

,. 

0 

J 

· , 
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• 
the .ame isotopie ratio, therefore. Chappeva wa.~con.ider.d an approp~iat • 

. 
reference crop (Frled et al., 1983). 

At final harvest at 'maturity,. Hagoye produced lignific.ntly high.r 

grain DH yield than Bossier and Chappeva (Table 7.6), which ia con.i.t.nt 

~ith the findings in Section 6. The level of P did not .ignifieantly 

influence the final grain DM yield for all cultivar. (Table 1.6). 

, Although Chappewa flowered much earlier than Boa.ier and Hagoye, it 

'appears to have the same yield potential as Bossier (Table 7.6). 

Haize responded to P application (Table 1.7), the ~aximum DM seed 
o 

yield being obtained with 30 kg P ha- l at 60 kg N ha- l (Table 7.7). 
J 

Similar yield increases have been reported by Safaya (1976). Stover 
c 

yields followed the same.trend. 

The mai~e cultivar used (HM 502) i8 an early maturing, drought tolerant 

hybrid. recently rel~ased. This study has shown its potential in 
. 

achieving high yields at low levels 

hybrid SR 52 ls a late maturing one 

of N (20 kg ha- l ). The st~ndard maize 
\ 

(115. days to maturity) and require. a 

higher N input level. The response of MM 502 to POmeana that P 

fertilizers have to be app1ied to obtain high yie14a. 
1 

In the second crop season, the levela of P and N fertilizer. applied . . 
to the wheat grovu on yarious treatments from the fira~season~wer~ 

identical (Table 7.1). Hence( any differences in the DM yield could be 

attributed to the previous cro~and fertl1ize~ hi.tory .. The highe.t wheat 
~~ 

DM yield was obtained when the previous crop was the fixing Legume Boa.ier 

(Table 7.8). DM yields were lower when wheat was preceded by maize, 

especially where no fertiliz~r was applled. Siml1ar relulta were obtained 

o 
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• 
Table 7.6. Grain DK yields of soybean cultivars 

Cultivar P raté DK yield 

4 
kg ha-1 ,Hg ha- 1 

Bossier 0 2.48 
30 2.51 

Kagoye 0 3'.53 
30 3.71 

Chappewa 0 2.71 
30 2.2~ 

\ 

Sipificance of contras,ta 

Bossier Kagoye Chappewa 

" 
0 30 0 30 () 30 

Boaiier 0 ns ** ** ns ns 
30 ** ** ns ns ~) 

Magoye 0 ns ** ** 
30 ** ** Chappewa 0 ns 
30 . -

~ 

'. 

, ~ . , 

--. 

\. 

.. 
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Table ·7.7. Dry matter yields-of maize in first .ea.on of 
the rotation. 

Prate N rate Dry matter yield 

Stover Grain 

.. 
__ kg ha- l Mg ha- l 

0 20- 6.23bl 4.09 
60 5.2lb 3.62 

30 20 5.43b 4.05 
60 9.52a 5.43 

Significance of contra.ta 

S!;OVU: ~ 
p ... 

P . 
0 30 0 30 

N 20 69 20 60 20 60 20 60 
p N 
0 20 na na ** 

, 
*'II - n. n. 

60 ns ** na *'II 

30 20 - ** *'II 

60 -• .. 
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Table 7.8. Wh •• t gr. in DM yield. in the .econd •••• on of the rotation 

Crop ~ertilizer program 
in fir.t 

..... e •• on Fir.t .e •• on Second .e.son 

P r.te· N r.te P r.te N rate 

kg ha-1 
" J 

Bosaier 0 20 30 60 
'1'/ 30 20 30 60 

Magoy. 0 20 30 60 
30 20 30 60 

• 
Haize 0 20 30

1 
60 

60. 30, 60 
30 20 30' , 60 

60 30 60 

Significance of contrasta 

Bossier Hagoye Haize 
!) 30 0 30 0 30 

20 60 20 60 
Bouier 0 

30 
ns * * i* ** ** ** 

** * ** ** ** ** Hagoye 0 - ns na ** ns ns 
30 ns ** na ns 

Haize 0 ~.o - ns ns ns 
60 ns ns 

30 20 - ns 
60 -

!. 

" 

Grain 
DM yl.1d 

, " 

4.18 
4.32 

3.43 
3.73 

3.'01 
2.79 
3.12 
3.19 

,1 

~.\.-
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by Reddy et al, (1986) a~d Singh and Avaathi (19'8) for rye, .. ia. and 

wheat, which produced higher yields follo.ina tropic~l legume. thàn 

cereala. 

Application of P fertllizer to ~rops in the firat year of the 

rotation had no signifieant effect on wheat srain-DK yields. Purth.r. the 

type Of, crop in the first year of the rotation (legume or cereal) or, P 

applica~ion rate did not sign'ifieantly affect the P le.f:t.s in wheat grain 

• (Table 7.9). A mean value of 0.2 \ P in vheât strav shoved a sufficient 

. amount of P for wheat growth (Ozanne, 1980). Percent P derived from 

fert!lizer ('Pdff) values ransed from 8.8 to 20.5 \. Plants rarely 

reeover more than 20\ of the applied P in a single season (Black, 1968; 

Stewart et al., 1983). The 'Pdff,wa~ htgher when wheat vas preceded by 

the legume cultivar Bossier that had not received P ~ertil~ation (Table •• 

7.9 and 7.10). Phosphorus application to Bossier'and maize (20 kg N ha- 1) 

in the first season of the rotation led to significantly lover 'Pdff 

values of freshly applied P to the subsequent wheat crop compared to 

treatments where no P was applied in the first season of the rotatio~. 

The contribution of previously applied P may be inferred from the 

fertilizer P uptake by wheat'grown subsequent to the corre.(onding 
}"" 

treatments (Tables 7.9 and 7.10). No differences in 'Pdff values w.re 
1 

obtained ~br Hagoye possibry due to more P being recovered by Vheat a. 
~ 1 

leaf fall from th!s crop. Hagoye vas the biggest and most vlgorously 

srowing of the two legumes-.-

The 'A' value appeared to be a fun~tiori-of the residual effect of P 

ap~lied I~n the 
1 

1 
1 
1 

1 

first year of thEs rotation and was highest for Bosller and. 

f 

• 
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Table 7.9. Pho.phoru. levels and isotopie charaeteristles of wheat in the -
àecoud .ea.on of the rotation+ 

Flrat season , 

P , 1 
1 

" Crop Fertil1zer program P Pdff FertllUer '4' value 
1 up.talte 

P rate N rate 
1 

1 
1 

kg ha-1 _ --,- -_ kg P ha';l _._ 

Bouler 0 20 0.19 20.5 1. 76 125 
30 20 0.20 14.3 1. 34 196 

." 

Magoye 0 20 0.21 12.6 0.99 208 ~ 
30: 20 0.20~ 14.8 1.220 174 

Maize 0 20 
" 

0.19" 15.0 0.90 170 
60 0.19 13.5 0.79 200 

30 20 0.21 8.8 0.56 314 
60 O.~O ' 12.5 0.86 228 

,A 

+ Statistica1Q eompariaon of data in this Table is given . ln Table 7.10. 

" 

, 
.. ' ~') 

'a ; ;1 
~ " , 

J 1 

1 

1 

-1 
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Table 7.10. Significance of contrasta among P level., 'Pdff, fertllizer 

P uptake and 'A' val~eâ of wheat in the second .ealon ôf 
• \1 

the rotation 

Bossier Hagoye Haize 
0 30 0 30 0 \ 30 

~ 20 60 20 60 

'0 
nill 

Bossier ns *** ** ** *** ** ** 30 . ' 
*** ** * *** ** ** 

Hagoye 0 ns '1 * ni ns * 30 ns * ns ns 
Haize o 20 * ns na 

60 ns ns 
30 20 ns 

'IertiU,zu l uptake 
!Jossie-r 0 * ** * ** () ** *** ** 

30 * ns * * ** * Hagoye 0 * ns ns * ns 
30 * * ** * 

Haize ci 20 - ns * na 
60 '* na 

30 20 * 
'A' D;Lu~ 

Bossier 0 ns *** ** * *** ** ** 
30 ' *** ** * *** *** ** Hagoye 0 n. * ns * n~ . 
30 ns 'na * ns 

Haize . o 20 ns '* na 
60 * na 

30 20 '. na 

1 

. - --"- --
\ 
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malz. at the lover "application rate (20 kg N ha-1). At the higher.N . . 
app~icatton rate (60 kg N ha-1) , the 'A"value did n~ increase vith P 

application be~ause of the high maize yield (Table 7.~nd the consequent 
.' . 

increased uptake of fertilizer P (Tables 7.9 and 7.10). Haize 'leaves 

depo~ited on the soil surface may supply the soil,vith more P than 

legumes, .specially after P fertilization (Hargrove, 1985). ·This study 
o 

ha. shown that the 'A' value for P appears sensitive enou~h to allov 

detection of reaidual P. The 'A' value ia an inverse measur~-of the 

effectiveness of Ji fertilizer (lAU, 1983)-.-The increase in gi&in DM 

, y)-elds of vheat preceded by Bossier cannot be explained by the presence of 

of residual P, since differences in residual P were not reflected in the . 
DH yield of the subsequent wheat crop. -. . 

Legumes are known to increase the soil N levels (National Academy of 

Sciencea, 1979) and consequently the productivity of succeeding cereal 
. 

crops (Singh and Avasthi, 1978). Reddy et al. (1986) indicated'SO kg N 

ha- l to have been added by senescent leaves of tropical legumes and to 

lome extent roota and ~odules. The increase ih vheat yialds after Bossier 

~ cou1d either be due to reaidual N through biological 52 fixation by the 

previously grovn legumes or ta a better utilization of soil moisture 

(Stewart et al., 1983; Dick, 1984; Power et al., 1985; Reddy et al., 

1986) .. This simple approach ia complicated by the complex influence of 

Legumes witb respect to cycling of other nutr~ents, so~l vater status, 
. 

1011 temperature. soll structural changes, changes in soil microflor~ and 

fauna etc (Hargrove, ~985). Hovever; tbe bighest wheat DH yields were 

obtained when the preceding crop had the least soil N requirements (Table 

o 
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'0 

7.11) . This is conflrmed by the highett tota'l N uptake of wh •• t vhen the 

pr~ceding cropa vere legumea,(T~ 7.12). Thua. grain b.n.f~t. of wh.et 
• 1 • , .-grown in rotati9n vith legumes in thi, atudy could be attribUt.d to 

biolog~cally. fixed N by the precn~ing crop. 
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Tabl'e 7.11 Nit:togen derived from atmo.phere, fertUizer and soi1 
by cropa in the firat aeason of the rotation+ 

Crop N .r __ 
/!l 

~ ..., 
\ 
BoaBer 20 

Magoye 20 
e> 

Maize 20 

Haize 60 

Ndfa Ndff Ndfs Total. 

----:;------- kg ha T-:s-' -t---,.-----

( 61 11 

108 12 
'i\ -

12 
1 • 

_ 0 

82 

105 

108 

108 

" 

154 

225 

120 

142 

+ D&t.,cal~ulated aaluming N°i~otopic values a~final ha~eat were 
aame a. 72 daya ,after plfnting. - .' . -

~/':''i 
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.' 
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'.Table 7.12 Total N uptake of wheat 
~ of the rotation 

~ 

First 8e~son C> 

Crop Pertilber prograIp; 

p rate N rate 

kg ha~1 . , 
Bossier 0 20 

30 20 

Hagoye 0 20 
30 20 

.. 
Haize P 0 20 

60 
30 20 

~ 60 

" Signifieanc:e 

Crop ,0 ~ 

Phospborus .. 
Nitrogen (maize) 

" 
., 

7 

** and na - Slin,ifieant at P<O.OOl 
respect1vely . 

',', 

. ~ " (~.~ 

, ,,~ . 

\. 

-' 

1 • 
• J 

.~'~' __________ ~ ____ ~~~"_'~~"~~'~~ l ~~~ J > • ,f 

. , 

" ., 

in the •• cone! •••• on 

"-

Total N 
uptake 

~ 

\ 

kg ha,;l 

"t41 
124 

132 
12,0 

100 
87 

111+ 
117 

" 

.\' " .. 
** .-

na 
~I .. 

, 
and not a igniUe.nt, ~ .. 

.. 
o l , .~ ., . ' 

.. 

•• < ~ , , 

... ! - • ~' 
• i : .... --; .. 
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The Obj8~t!VC& ôf this atudy vere to ~rrive at efficient"use of tvo 

mOlt vaiuable resources in Zambian agric~ltu~e. vate.r and nitrogelY A 

nûmber'ôf field expëriments vere conducted over a period ·of three years at 

] 

, ~ the National Irrigation Research Station in Nanga, Zambia to arrive at 

C ,.,.Il 

. 
• 

'r 

,\ 

l,.,... 
effieient management ox vater for irrigating wheat and(of two major ~n~ts 

t~, the nitrogen cycle, i.e. N fertilizer and N2 fixation. The water 

" e~ficie~cy component was tackled by evaluating' variou~ irrigation schëdules 
.,~... , 

~ If·... , lb- ~ T 

that would provide maxim~ wheat yields with minimum water los~es. The . ' 
nitrogen efÙc1ency component vas studied in a series of experiments, where 

'" 
~ maximum. effiéiency of fertilizer N or' N from f1xa~ion was achieved by 

1 t " • ~ 
proper placement and time of application of fertilizer N or selection of 

~ . 
soybean.:cultivars with ~aximum fixing capacity under· Zambian çonditions. 

,respectively. 
" ~ 

,. The'efficien~ use of water and fertilizer N-was studied in a three .. 
year exp~riment on a Typic'Haplustalf ,soil with pH 5.5; CEC of 7 cmoles (+) 

., ,~..I-l and -total N co~tent of 0.8 g kg- l . 

Il 

Three lr .. igatlon aehedulea ,~ere adop<ed for the tInt""; 'year. 'Of~ 
stl1dy, namely, (i) every veek irrigation at a r4te of .70\ of the to~,.l r 

ela!s A pan evaporation during the whole irrigation interva~, (ii) every 

tvo v8eks irrigation at 6Q\ ôf the total class A pan e~aporatiôn dur~ng the 

whole irrigation interval, and (iii) every three weeks i~rigati~n'at 50\ of 

tne total class A pan evaporation during tbe whole i~igation interval .. 
- 0 .• 

• 0 .' 

! 
1 

( 
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'='- , -
Nitrogen fertilizer in al1 expertments v~. in ur.a form. In th. flrat 

.year ,of the experiments the dme of application of fertilil:er N vaa the 

,main focus" Urea-N yas applied either âs a single application at-· 150 kg N 

'ha- 1 prior _to seeding:; or, as ,a tyo-split vith half of the fertilizer 
, 

applied prior to seeding and half at four veeks sfter emergence; or, a. a 

th;ee-split with one third applied p~ior to seeding. one third at four 
• 

veeks and one thiTd at seven weeks ·after emergence. The fertilizer iu all 

cases was 15N-labelled ~n such a way as to allow asseaament of tbe 

utilization of the N from each application . 
. 

In the" second year of the study, in addition to time of N application .. 

four methods of fertilizer N placement were assessed. Data from the firat 

,year .of the- study had suggested that there was no benefit of a tbree-way 
/ , " ': 

., "lJ 
spl~t of the fe~tilizer compared to the two-split application. lberefore, 

only single (75 or 150 kg N ha- l ) and two~split applièations vere 

evaluated. Single application of which the initial portion ~f the split /' 

application of the fertilizer (50 kg N,~a-l) 'was either simply broadca.t or 
• i> , 

broadcast and inéorporated prior to seeding, placed in a narrov band 2.5 cm 

to the side of the seeding rov, or broadcast tvo veeks after emergence. In 

this year~ the l5N-labelled fertilizer treatments vere applied to 

\ microp'lots within the major plots an~ only for the broadcast and 
i-\ 

i~corporation, side-band and late broadcast methods of placement. 
l 

Designing the third year experiments followed the experience obtalned 

through th'e first two years of experimentatian for which the followlng 

" ' results vere obtalned: 

. , 
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, ", 

Irrigation on a veekly basis led to higher vheat yields thfn 
, 

~ -
irrigation every tvo or three veeks. Although vater efficiency increased 

vith larger intervals betveen irrigation. ~he efficiency ~f the irrigation 

vas drastically decreased. Hence. overall. ma~imu~ effic~ency of water 
") 

vithou~ sacrificing maximum yields vas obtainefl vith the weekl." irrigation. 

Grain yields vere primarily a function of ~ater availability and for 

each level of water availability a function of fertilizer placement and 

time of application. Split application of fertilizer,N resulted in 

significant benefits. When water was not a limiting factor broadc~sting 

techni~ues fOllowed,by incorporation of the fertilizer or applied after the 
'. ........ 

~ " ~ 

crop haa established itself provided maximum efficiency of rertilizer N 

use. In the latter cases, ~here maximum efficiency of fe;tilize~ N Jas 
" 

achieved, grain yields were a function of the depth of irrigation water in 

mm or indirectly of the evapotranspiration demands. 
o 

Calculationt using the data from the first two years of the experiment 
<Ii, 

led to the conclusion that maximum efficiency of water yields that would 

provide maximum grain yields could be aChie~ increasing the amount of 

irrigation water, for thé weekly application to 8S\ of class A pan 
o 

evaporation over the vhole irrigation inte~al. This hypothesis was tested 

in the thi-rd year of the study. ,Methods .and times of fertilizer N 
, 

application vere maintained as in the second year of the experiment. 
, , 

Indeed the pr~dicted maximum yields of" 5. 5 ,- - 6.0 Mg ha -1 for the wheat 

varietr used (Tritifum aestiyum cv. EMU1s') were obtained in these . 

exp •. ~imenta • 

" 
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Yield independent isotopie criteria (\ N derlved from fertili.er) for 
4 

Any fertl1iz~i placement m~thod ln these studles vaa independent of vatlr 

regime, thus leading to_ the conclusion that N utilization vas primarily a , \ 
functton of vater availabiUty. 

To assèss the contribution of N from atmospheric N2 fixation by 

legumes, assessment of N2 fixation by preferred Zambian legumea must be 

documented. This initial step involved selection of appropriate non-fixing 

-reference c~ops that ~ould allov estimating NZ fixation using the l5N 

isotope dilution technique. Thus a series of exper~nts vere carried out 

utilizing l5N isotop~'labelling techniques to evaluate local and imported 

nonnodulating soybean varieties Along vith a number of non-legume cropl. . 
~ ~ 

Organic material (mo~asses) amended vith 15N-u~ea or 15N-urea fertiliz~r 

were used. A time-dependent sampling scheme vas devised to monitor crop 

grovth characterlstlcs and avallability of N sources throughout the growlng 

season. This allowed for choices of reference crops suitable for 

estimating N2 fixation by soybeans by l5N isotope ~ilution either at 

specifie growth stages or over the entire groving season. In chooaing the 
e. 

appropriate reference crop absence of N2-ftx1ng actlvlty, .relative feeding 

pattern of standard and fixing crops and time of grovth of reference and 

fixing crops were evaluated. 
.,..J 

Nonnodulating soybean (Glycine ~) cultivar. Clark RJl and N77 or, in 

their absence Pearl millet (Panicum Sl,ucum L.) appearad to be the belt 
, 

reference cropl for estimatlng N2 fixation uling the 15N isotope dilution 

technique in Zambia. 

\ • 1 

d • 

1 -

l, • 
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, 
A tocal .oybe.n fixing cultivar (Glycine mAX cv. Hagoy~)_rated the 

&ighe.t among three cultivars tested for ifs abilitr to support symbiotic 

N2 fixation by Bradyrhizobium 'aponicum under the experimental conditions. 

When this cultivar vas i~oculated vith 1. 1aponicum MK48 serain it fixed 

225 kg N ha- l . Therefore, it would be most recommended for inclusion in 

rotations by farmers in Zambia. 
. 

The 8uperiority of Hagoyo was confirmed in another study, where three 
, . . 
.oybean cultivars, two fixing (Bossier an-trHagoye) anêi a non-fixing 

, ,1 

(Chappewa) were planted Along with maize (Zea mays ev HH502) as first erops 
1 

in a two season rotadon. All erops received two levels of P (0 and 30 kg. 

ha- l ) and the l~gumes 20 kg N ha-l, wherea~ maize 20 and 60 kg N ha-t . 

Chappewa was used as a reference crop for esttmating symb~otic N2 fixation 
tI-

in the fixing soybean cultiva~s. After all crops were harvested, all plots 

received 30 kg P ha- l and- 60 kg N ha- l and wer.e seeded to wheat tTriticum 

aestiyum cv. EMU's) as~a second seaso~ erap. There vere no benefits from 
~ 

residual P from the first season on wheat grain yields. However J the' _ 

yields of wheat grown on plots where fixing legumes had grown the previous 
, -

year were signifieantly higher than those where maize had preceded. The 

superiority of the soybean-wh~at' rotation over the mai%e-wheat rotation 
• 

vas attributed to re$idual N from b~ogical N2 fixation by the preceding 

legume trop. 1. 

j 

, This atudy vas limited to an area in Zambia where climatic cont?i ns 

are conducive for irrigated wheat cropping during the dry and cool Hay to 

~ctober) season. Although the fertilizer placement methods and tim s of 

application could be directly applicable fo~ rainfed wheat, growth of the 

latter has not ~een very suceessful in Zambia with the exception of certain 
/-~~ 

- -
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localiti,. in the north of the country. Hovever. the country ha. a • 
tremendous potential to develop irrigation and •• luch lnclu.ion of 

l 

soybeans in other rotation schemes, primarily Involving maiae (ZA& ~ 
-

L.), can prove a definite as set for the Zambian agrtculture as a whole. 
1 

, ' 
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.. 
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