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Abstract. 
 r"Lint growth aspects of lield-grown cowpea [I'igna tinguiculat (1,.) 	 Walp.] were investigated under fourN reginies: No N, rhizobial inoculation (cowpca "L" inoculun), 100 kg fertilizer N/ha (N0 3-N) at planting, andinoculation + 50 kg fertilizer N/ha at tlow( ring. Five indeterminate cultivars, Brown Crowder, California BlackeyeNo. 5, Mississippi Silver, Tennessee White Crowder, and Lady, and one detertninate cultivar, Bush Purple Hull,wvere compared. Plant growth variubles were measdred biweekly starting at the lth week. Dry matter and leaf area per plant reacheld maximum at 56 days afler planting in indleterminat, 	 week later in theall ti';'e cultivars, and I
determinate cultivar. Large-seeded cultivars, California Blackeye No. 5, Mississippi Silver, Brown Crowder,Te'inneisse White Crowder, generally prcduced larger leaves throughaout the season than did 'Bush 

and 
Purple Mull' and'Lady'. The i ela.ive -rov-lh rate (RGR) decltned linearly with harvest time, irrespective of N tieatment. rthe RGRof 'Bush Purple Hul; was lower than that of the indelernlina2 cultivars throughout the growth )eriod. The netassimilation rate (NAR) of tle inletrni-ate ciltivars declined slowivy from maximun values at 4 weeks and becamenegative (luring pod deveipiipnnt. llowcver, 'Bush Purple hull' NAR increased during pod (evelopment, but declined very rapidly during late pod develolmient. The leaf area rati, (LAR) declined curvilinearlv with time in all NtL ?atments and cultivars. The [AR valaes were lowest for the determninate cultivar, and the differences aniongindeterminate cullivars were not signif'cant. Total dry matter, leaf area per plant, and average leaf size of inoculatedand N-fertilized plants v ci 2 greater than the uninoculated and tmfertilied control. Nitrogen treatments (lid not affect 

physiological components ItGR, NAR, and LAR. 

Seed yield of covpea depends not on!y on adequate produc- in ow-fcrtilitv soils, and N deficiency during different growthtion of photosynthctic assimilates but also on adequate slorage stages limits the express:oh of genetic yield potential (4). Rhi­capacity of phc,synthates, Pnd is influenced by a combination zobial inoculation can increase seed yield to a level equivalentof genetic ant, enVironmiental factors. ('c,vpcas usually are grovn 	 to N fertilized (100 kg-ha t) plants (3). A thorough knowledgeof the physiological basis for this yield increase can assist in 
Received forpublication I0 Mar. t9S1. 1cxas .\ericultUra Expcrinm:n Stion select ion for high seed yield.
Technical Anicle 21-h10. Resei;rch supportcd in par IyUSAII-(SRS All) Techniques used in plant growth analysis have been 
 reviewed13NF grant ;2-(SRS-5-02011. Wu 'lirk It. Stuart 	 in detail (8) and usedSmith. Applied [lvCh0pmcnr to study the physiological basis for vari-
Manager. The Nitiagin Co.. Milvsai,.c, Vis. for providing he inoculatt used ation inin this studY. The 	 crop yield (9), but few attempts have been made tocost of publishinrg i. ',as ihpart h- apply esepaper 'ettayed th techniqtes to cowthea The objective of this inves­
r!yncnt of page charcs. U.ider po -a regnlalions, this paper itterefore nm st abe hereby marked adi',aisoet 'lclv to indicate this fact. 	 tigation was to determine the role of several plant growth var­'Graduate student. Present ;dhres,,: Asian Vegetahle RcseLarch and )velpmrnt iables on total dry matter production of field-grown cowpeasCenter, P.O. Box 42, Shanhuti. 'ainan 741:3, Taian. R.O.C. under different N regimes.2
Profcssor.
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Cultivar 'B': Y=0.36X-0.0032Xf (R2=.60) Y=0.36X-0.0031X 2 (R=.71)Cultivar 'P': Y=0.36X-0.0034X 2 (R- =.43) Y=0.36X-0.0032X2 (R2 =.63)Cultivar 'C': Y=0.35X-O.0O31X- (R-=.82) Y=0.36X-0.OO31X 2 (R2=.70)Cultivar 'L': Y=0.31X-0.0026X: (R=.68) Y=0,34X-0.0028X2 (R2=.83)Cultivar 'M': Y=0.31X-0.0026X 2 (R=.63) Y=.35X-0.0030X2 W=.63)Cultivar 'T': Y--0.34X-0.0029X- (R2 =.52) Y=.35X-O.0030X2 W=.92) 

Rhizobic' ioculotion Inoculation + 50 kg N/ho ot flowering
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Cu=vr'' 0.36X-0.0031X" (R:=.84) Y=0.34X-0.0028X 2 (R"=.89)Cultivar 'P': Y=O.36X-C.0033X- (R"=.60) Y=0.36X-0.0033X2 (R2=.68)Cultivar 'C': Y=O.36X-O.0031X" (R"=.81) Y=.36X-0.0031X2 (R-=.78)Cultivar 'L': Y=0.33X-0.0023X 2 (R2 =.88) Y=O.34X-0.0028X2 (R"=.84)Cultivar 'M': Y=0.36X-0.0031X- (R:.82) Y-0.34X-0.0027X" (R2 =.84)Cultivar 'T': Y=0.36X-0.0031X-' (R2=.82) y=0.35X0.0029X 2 (R2 .89)Fig. 1. Cuhtivar x N treaitment interaiction for top dry, weight (rag, loge s'cr~le)/plant in field-grown coywpea. B3= 'Brown Crowder', P =Bush Purplc Hull', C =(?alifornji ltackcyc', 1 = Ladv', MI= 'Mis:;issippi Silver', TF= "l'ennessee White Crwdr' 
Table I . Signific:.nce levels of treatmnent conibinatiuns for variables tested in the fieldstudy. 

Treatnt ___________________ V:,riablcsW 
 A LS LAR LVR SLA 

Cultivar 0.0001 y 0.O0f) 0.0001 0.0001 0.0001 0.06Treatment 0.0001 0).0001 0}.(001 0.13 0).0041 0.12Culti,,ar >;treatment 0.0227 0.0278 0.80 0.22 0.22 0.06Harvest timeTr8atm n harvest 0.0001 0.00011 0.0001 0.01001 0.042 0.004 0.0074 0.77 0.0116 0.00010.73 0.46Cultivar x harvest (.00)1 0.0001 0.0001 0.0001 0.0001Treatment x cultivar x harvest 0.57 0.59 
0.04 

0.10 0.16 0.641 0.78 
Fig= Top Lry weight (log scale)ip ant, A = Leaf area (log scalc)!plait, LS = Leaf area/leaf, LAR = Leaf area ratio, LWVR = Laf weight ratio, SLA = specific leaf area. 
YProhaVility F. ab 
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Y=0.28X-0.0026X2 (R 2=.78) 
Y=0.31X-0.0036X' (R 2=.83) 
Y=0.28X-0.0025X 2 (R2 =.55) 
Y=0.26X-0.0022X2 (R=.89) 
Y=0.27X-0.0025X 2 (R2=.55) 
Y=0.27X-0.0024X 2 (R=.86) 

Inoculation + 50 kg N/ho at flower;ing 
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(R=.77) 
(R2 =.66) 
(R2=.79) 
(R2=.88) 
(R2=.62) 
(R=.75) 

Y=0.27X-0.0023X 
Y=0.30X-0.0033X 
Y=0.29X-0.0026X2 

Y=0.27X-0.0023X2 

Y=0.27X-0.0023X 2 

Y=0.27X-0.0024X2 

(R2=. 81) 
(R2=.61) 
(R-=.87) 
(R2=.77) 
(R2 =.81) 
(R2=.79) 

Cultivar x N treatment 2Fig. 2. interaction for lcaf area (cmn , log, scalc)/plant in field-grown cowpea. B = 'Brown Crowder', P = 'Bush 
Purple Htull', C = 'California Blackceyc', L = 'Lady', N = 'Mississippi Silver', T ='Tcnncsscc White Crowder'. 

Matcrials and Methods 
The study was conducted in the field at College Station, Texas 

during Summer 1984 on a vcrtic albaqualf, fine, montmorillon-
itic, thermal soil at pH 6.7. A 5-cm layer of sawdust was applied
evenly to the experimental site 3 months before planting and 
thoroughly incorporated to reduce soil N (NO3) to 0.5 ppm at 
planting. To control the native Rhizobiun, the experimental site 
was fumigated with methyl bromide (a.i. = 100%) at a rate of 
436 kg-ha- ', I month before planting. 

Four main plot treatments, no inoculation or N fertilization, 
inoculation with cowpea commercial "EL" innoculant, N fer-

tilization with 100 kg N/ha (CaNO 3, 15.5% N) at planting, and 
inoculation + 50 kg N/ha at flowering, were randomized in a 
4 x 4 Latin square. Five indeterminate cultivars, Brown Crow­
der, California Blackeyc No. 5, Mississippi Silver, Tennessee 
White Crowder, and Lady, and one determinate cultivar, Bush 
Purple Hull, were randomized within each main plot. Prior to 
planting, Ca(N0 3 )2 was banded by hand and incorporated to a 
depth of 12 cm in those plots receiving N fertilizer treatment. 
In Rhizobiumn-inoculated plots, seeds were treated with a peat­
based cowpea "EL" commercial inoculum at the rate of I g/ 
hole. The plots were irrigated as needed. 
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Cultivar 'B': Y=2.163X-0.0152X2 (R:=.66) Y=2.281X-0.0154X 2 (R2=.63)Cultivar 'P': Y=2.950X-0.0444X 2 (R:=.61) Y=2.659X-0.0355X2 (R=.53)
Culti:r 'C': Y=2.756X--G.0444X2 (R2=.61) Y=2.109X-0.0103X2 (R2=.52)Cultivar 'U: Y=0.930X-0.0044X2 (R.=.62) Y=1.509X-0.0104X2 (R2=.43)Cultivar 'M': Y=1.994X-0.0119X 2 (R-=.52) Y2.035X-0.0i 11X 2 ( 2 .44)
Cultivar 'T': Y=1.478X-0.0082X 2 (R-=.58) Y=2.887X-0.0287X 2 (R2=.57) 
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Cultivar 'B': Y--2.689X-0.0230X 2 (R2=.58) Y=2.541X-0.0167X2 (R2=.55)Cultivar 'P': Y=2.344X-0.0286X2 (R".43) Y=2.369X-0.0281X 2 (R2=.49)
Cultivar 'C': Y=3.294X-0.0282X2 (R2=.52) Y=3.088X-0.0252X2 (R2=.55)Cultivar 'L': Y=1.296X-0.0083X2 (R2=.52) Y=1.393X-0.0076X' (R'=.63)Cultivar 'M': Y=2.304X-0.0149X2 (R=.58) Y=2.381X-0.0173X2 (R2=.49)
Cultivar 'T': Y=2.339X--0.0194X 2 (R-=.48) Y=1.997X-0.0095X2 (R'=.47)


Fig. 3. Cultivar x N treatment intcraction for lcaf size (cm 2)/plant in field-grown cowpea. B 
= 'Brown Crowder', P = 'Push Purple Hull',

C = California Biackcyc', L = 'lady', N1 = 'Mississippi Silver', T = 'Tcnnessec White Crowder'.
 

Fumigation eltectively controlled weeds. Plot size was 4 x Logarithmic ;ransforniations (natural log) of primary data, top1 m. Threce seeds per hill ,,ere planted at an 8-cm spacing on dry weight (W), and A were made, rendering the variability4-tn rows, I m apart on 6 June, 1984. Two weeks after emer- more nearly homogeneous over time. Following Hunt (6), thegence, plants were thinr,.Wd to one plant per hill to establish a tra' sformed data were fitted to an exponential model in the formpopulation of 120,000 plants/ha. of: Y = 3, + 1 t + 32t; where Y = log, W or log, A andFour harvests of three random plants were taken biweekly t= time in clays after emergence. Using this exponential model,from each plot, starting from the 4th week. Lcaves and pods the following plant grovth variables were measured as describedw,'ere separated from the plant, and number of leaves (LN) and by Hunt (6): a) relative growth rate (RGR) = 1/W-dw/dt b)leaf area (A) per plant were measured using a LI-COR (Model net assimilation rate (NAR) = I/L dw/dt; c) leaf area ratio3000) leaf area meter. Plant parts were dried in a forced-air (LAR) = L/W; d) leaf weight ratio (LWR) = LW/W; e) sp, ­oven at 70C for 72 hr and dry weights of Icaves (LW), stems cific leaf area (SLA) = A/LW; and f) average leaf size (LS)(SW), and pods (PW) were measured separately. A/LN. 
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Fig. 4. Cultivar " N trcatmcnt intcraction for relative growth rate (RGR) (per day) in field-grown cowpea. B = 'Brown Crowder', P = 
'Bush Purple Ilull'. C = 'California Blackeye', L = 'Lady', M = 'Mississippi Silver', T = 'Tcrnessce White Crowder'. 

Results and Discussion 
Sumnmar ' of test statistics. Cultivar effects were highly sig-

nificant for all variables except SLA, whereas N treatments 
influenced all variables except LAR and SLA (Table i). The 
interactions between cultivar and N treatment were significant
for W and A. Within a cultivar, all growth variables were in-
fluenced by the growth stages expressed at harvest time. l)if-
ferential growth responses were not observed for LS, LIAR, and 
LWR in the cultivar x N treatment interaction. Plant growth
variables W, A, a:nd LAR changed differeritially under different 
N treatments as growth progressed. The SLA was stable among
cultivars and N treatments; however, only growth stage influ-
enced SLA. 

Dry matter accumulation reached maximum at 56 days in all 
five indeterminate cultivars and 49 days for the determinate 

cultivar (Bush Purple Hull) with inoculation (Fig. 1). However,
in the uninoculated treatments, the maximum dry matter accu­
mulation of'Bush Purple Itill' vasdeiaycd by 4 to 7 days (Fig.
I). In ali N treatments, maximum leaf area was reached at 56 
days in the indeterminate cultivars and 42 dys in 'Bush Purole 
Hu!" (Fig. 2). During pod development, 'Bush Purple Hull' 
and 'Lady' acumlated less dry matter than other cultivars. 
These results confirm our previous finding that 'Bush Purple
Hull' and 'Lady' yielded less than the other cultivars k3, 4) and 
suggest that increased dry matter accumulation during pod de­
velopnent increased seed yield. Similar findings also were re­
ported in soybean (5). Th( rates of dry matter accumulation 
were higher in the inoculated and N-fertilized treatment than in 
the control, especially in 'Lady' and 'Tennessee White Crow­
der" (Fig. 1). 
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Cultivar 'B': Y=-0.55-0.103X-0.0016X2 Y= 0.74+0. 101XO.0015X 2 

Cultivar 'P': Y=-6.19+0.417X-0.0056X! Y=- 2.51+0.241X-0.0036X2 

Cultivar 'C': Y=-0.59*0.099X-0.0015X" Y=- 0.83+0.113X-0.0017X 2 
Cultivar 'L': Y=-0.83+0.099X-0.0012X 2 Y=- 0.17+0.071X-O.0011X 
Cultivar 'M': Y=-1.24+0.133X-0.0019X 2 Y=- 0.13+0.129X-0.0017X 2 
Cultivar 'T': Y=-0.88+0.122X-0.0018X Y=- 1.05+0.127X-0.0018X 2 

Fig. 5. Cultivar x N trcatment intcraction for net :,ssimilation rate (mgci - '-day -) in field-grown cowpca. B = 'Brown Crowder', P = 
'Iush Purple Ilull', C = 'Calil'ornih Ilackcve', L = 'Lady', N = 'Mississippi Silver', T = 'Tennessee White Crowder'. 

Leaf area declined verv rapidly in 'Bsli Purple Hiull' as corn- ifornia Blackeye No. 5, Missis.,ipi Silver, Brown Crowder,pared to the indeteroinate cultivars. 'BUsh Purple Ilull' ap- and Tennessee White Crowder) produced ['rger leaves through­peared to rcnlollilizc dry matter into the pods and shed its leaves 
at 

out the season than 'Bush Purple Hull' anu 'Lady', where seedthe end of pod ,eveloprntt, whereas the indcte,minatc-cul- size was mcdium and small, respectively (3). During the veg­tivars maintained l,eaf area by replacing mature leaves with young, etative growth period, leaf size of 'Bush Purpic Hull' was largeractively photosyntliesizirng leaves. Thus, the high harves! index than 'Lady'; however, as leaves began to senesce after 42 daysreported for 'Bush Purple lhill' (3)can 1e attr ibuted, at least in in 'BuILtsh Purple 1-till', average !eaf size declined rapidly. The 
part, to its rapic leaf senescence rate close association between leaf size and seed size also has beenAverage leaf size was influenced greatly by treatment, cul- reported in common bean (2).tivar, and plant growth stage (Fig. 3). The LS was lower in the Relative growth rate is a complex physiological componentcontrol tha, in the other treatments. Large-seeded cultivars (Cal- of dry matter ;ccumulation and is equivalent to the slope of the 
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Cultivar 'P': Y=O.40-O.O1 1X+0.OOO08X 2 y= 0.3 1+0.009X+0.00007 2 

Cultivar 'C': Y=0.44-0.0]l1X+0.00009X 2 y= 0.43+0.01 1X+0.00009 2 

Cultivar 'L': Y=0.47-.012X+0.00009X 2 y= 0.46+0.012X+0.00009 2
Cultivar 'M': Y=0.45-0.012X020.00009X y 0.46+0.012X+0.00009 2 

Cultivar 'T': Y=0.40-0.011X+0.00008X 2 Y= 0.41+0.011X+0.00003 2 

Fig. 6. Cultivar x N treatment interaction for leaf area ratio (cr 2 mg--1)in field-grown covpca. B = 'Brown Crovdc', P 'Bush Purple= 
lull', C = 'California Blackeyc', L = 'LIdy', N = 'Mississippi Silver', T = 'Tennessee White Crowder'. 

curve between the log, of W and sampling times (6). It is spe- ginning of sampling and bccamc negative during the late growth
cific to the given time and therefore is known as instantaneous period. However, the differences among N treatments or inde-RGR. In this study, RGR declined linearly with sampling time, terminate cultivars for NAR were not pronounced (Fig. 5). Inirrespective of N treatment or cultivar (Fig. 4). The RGR of 'Bush Purple Hull', NAR increased to a level that was slightly'Bush Purple Iull' was lower than that of the indeterminate greater than the indeterminate cultivars during vegetative growthcultivars, although not pronounced. and declined rapidly following pod development (Fig. 5). TheThe RGR is equivalent to the product of its physiological deline in RGR and NAR with sampling time is attributed tocomponents, LAR and NAR (8). The efficiency of dry matter both ontogenetic and environmental factors (1, 7). Nutrientassimilation is expressed as NAR, while LAR is the ratio of availability, mutual leaf ;hading, and leaf senescence as the
photosynthesizing to respiring tissues in the plant (6, 8). In this season progressed were probably the major causes for the rapid
study, NAR declined slowly from maximum values at the be- decline in RGR and NAR with time. 
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Fig. 7. Plcationships between (dr w.eight and plant growth vtriables in determinate and indctcrninate cvpca cuitivars. 

Leaf area ratio ieclined curvilinearlv with sampling time in mntiate cultivars. Ilowever, the relationship hetween ste-1 indall N treatmens and culhivars (Fi ). The ratio of leaf aica to total dry weight was similar in both ,leterhninate and indeter­total dry matter was hilest during the vegetative growth period minate cultivars. I-igh W also was associated with increasingand, weiln pods developed and leaves scnesccd, LAR becalie and higher values of N'AR in*Bush Purple loll' titan insnall. 'he LAR ws lowest for 'i3ush Purple Hull', and the indeterminate cultivars (Fig. 7). 
tile 

These rcsuls stgges that thediffercnces among indeterminate cultivars were not significant. determiniate cultivar, Bush Purple lull, synithesizetiad mobi­a
The effects of N treatments on LAR were not evident inthe lized dry matter from leaf tissue to pods more efficiently thaninleterminate cultivars. lowever, in 'Bush Purple liull', LAR did the indeterminate cultivars.of N-fertilized plants (10(0 k-lia 1 at plating) wils relatively The relationships betwcen LAR and W were negatively cur­larger than iathe otther treatitents (Fig. 6). Thus, N fertilization vilinear inthe deteriinate utid indeterminate cuhiv\ars (Fig. 7).

prod,,ced more leaf 
area than itocutation inthe low-N--fixing In '13usI Purple Htull', rapid leaf senies-'ece'Bush Purple loI l'(3) at the early growth stage. rate was accom­panied by incre2asing otiy matter accumulation inthe pods. Thus,Number of ieaves per plant, le"af arc:i per plant, and leaf and the slope of the LAR curve was greater in the (leterititc cul­
steMni drv wcights per plint increased linearly with an increase tivar than inthe indeterminate cultivars. LAR is the product ofin total (IN eight, both in detertlinate atid indeterininate cul- two components, namely, leaf weight ratio (LWR), which Inea­tivars (Fig. 7). In the determinate cultivar, because of rapid leaf sures the differential distribution of photosyntltetic products be­senescence, a unit increase intotal (r,,,malte: was accompanied tween leaves and other plant parts, and specific leaf area (SLA),by a relatively smaller increase inleif area than inthe indetcr- a measure of leaft iickness. Of these two cotmponents, only 
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LWR 	showed a relationship similar to that between LAR and 
W (Fig. 7). In the acterminatc and indeterminate cultiv,,irs, SLA 
(lid 	 not respond to the changes in W, indicating that average 
leaf 	thickness was stable during plant growth and was not in-
fluenced by the different N regimes in the six cultivars studied. 

Althotugh N fertilization and rhizobial inoculation increased 
total dry matter accumulation and leaf area, the physiolegical 
coiponents- of plant growth were less influenced by N treat-
1nt. Aniong the cultivars studied, the major distinction in total 
dr. niatter accunulatiol, total leaf area development, and phvs-iotogical cotuponents was found between the (letermainate and 
fie intcrrinamtoe cultivars. The obscrved differencesi te 

dCcal T bby 
physilog.N al components within the indeterminate cultiars were 
not si.nificnt, 

l tal lea:f area mdl,,dry matter accumulation were greater in 
tile indetermiti lte Purple Ilull'. Althoughenlrivars than in 'Bush 
RGIR was higher for tile indeterminate cultivars than for the 
determinate cultivar during vegetative growth and early pod de-
vehpment, NAR was higher in the deternminate cultivar than in 
the indcetermninate cultivars. Large values of NAR during vcg-
ct:tie growth and snall ILAR in T' ush Purple Hull' could be 
Issociled with efficient remobilizalion of dry matter, thereby 
increasing ]ituvcst index, as reported elsewhere (3). 1, af weight 
rttio intlutuced t\ more than ,,pecific teaf area (SLA). Thus, 
dr mattr ccuttuIatiot and leaf area developmiietit during ttea 	 ndti were to(I pod-developtient stages large enough 

ca;sc di fficrctces in vicld among N treatments and cultivars. A 
clcar rlattionship between phsiological components of plant
growth atd yield potcrttial of tile cultivars was not evident 
however, !hure \vis a relationship between hmivest index and 
tte physioloical components. In grain legumes, relatively large 

amounts of meuabolites are used to synthesize proteins and oil­
rich 	storage products, which contain more energy per unit of 
dry 	matter. Thus, in grain legumes, physiological components 
based 	on dry matter accumulation probably do not adequately 
reflect 	 the efficiency of dry matter use. Plant growth measure­
ments computed in energy units might be mnorc informative than 
dry matter accumulation in evaluating assimilation efficiency of 
grain legumes. 
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